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(57) Abstract 

The invention concerns quinazolinc derivatives of formula 
(I), wherein X* is a direct link or a group such as CO. C(R^)2 
and CH(OR2); wherein Q» is phenyl, naphthyl or a 5- or 6- 
roembered hetcroaryl moiety and optionally bears up to 
3 substituents; wherein m is 1 or 2 and each R* may be 
a group such as hydrogen, halogcno and trifluoromethyV, and 
wherein may be phenyl or a 9- or 10-membcred bicyclic 
heterocyclic moiety and optionally bears up to 3 substituents; 
or a pharmaccutically acceptable salt thereof; processes for their 
preparation, pharmaceutical compositions containing thcnn aiid 
the use of their receptor tyrosine kinase inhibitory properties in 
the treatment of proliferative disease such as cancer. 
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QUINAZOLINE DERIVATIVES AS ANTITUMOR AGENTS 

The invention relates to quinazoline derivatives, or pharmaceutically-acceptable salts 
thereof, which possess anti-proliferative activity such as anti-cancer activity and are 

S accordingly useful in methods of treatment of the human or animal body. The invention also 
relates to processes for the manufacture of said quinazoline derivatives, to pharmaceutical 
compositions containing them and to their use in the manufacture of medicaments for use in 
the production of an anti-proHferative effect in a warm-blooded animal such as man. 

Many of the current treatment regimes for cell proliferation diseases such as 

10 psoriasis and cancer utilise compounds which inhibit DN A synthesis. Such compounds are 
toxic to cells generally but their toxic effect on rapidly dividing cells such as tumour cells can 
be beneficial. Altemative approaches to anti-proliferative agents which act by mechanisms 
other than the inhibition of DNA synthesis have the potential to display enhanced selectivity 
of action. 

15 In recent years it has been discovered that a cell may become cancerous by virtue of 

the transformation of a portion of its DNA into an oncogene i.e. a gene which, on activation, 
leads to the formation of malignant tumour cells (Bradshaw, Mutagenesis , 1986, i, 91). 
Several such oncogenes give rise to the production of peptides which are receptors for growth 
factors. The growth factor receptor complex subsequently leads to an increase in cell 

20 proliferation. It is known, for example, that several oncogenes encode tyrosine kinase 

enzymes and that certain growth factor receptors are also tyrosine kinase enzymes ( Yarden £i 
al., Ann. Rev. Riochem 1988, 51y 443; Larsen slal. Ann. Reports in Med. Them 1989, 
Chpt. 13). 

Receptor tyrosine kinases are important in the transmission of biochemical signals 
25 v/tich initiate ceil replication. They are large enzymes which span the cell membrane and 
possess an extracellular binding domain for growth factors such as epidermal growth factor 
(EGF) and an intracellular portion which functions as a kinase to phosphorylate tyrosine 
amino acids in proteins and hence to influence cell proliferation. Various classes of receptor 
tyrosine kinases are known (Wilks, Advances in Cancer Research. 1993, 6Q, 43-73) based on 
30 families of growth factors which bind to different receptor tyrosine kinases. The classification 
includes Class I receptor tyrosine kinases comprising the EGF fsunily of receptor tyrosine 
kinases such as the EGF, transforming growth factor a (TGFa). NEU. erbB, Xmrk, DER and 
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let23 receptors, Class II receptor tyrosine kinases comprising the insulin family of receptor 
tyrosine kinases such as the insulin, IGFI and insulin-related receptor GRR) receptors and 
Class III receptor tyrosine kinases comprising the platelet-derived growth factor (PDGF) 
family of receptor tyrosine kinases such as the PDGFo, PDGFp and colony-stimulating factor 
5 1 (CSFl) receptors. It is known that Class I kinases such as the EOF family of receptor 
tyrosine kinases are frequently present in common human cancers such as breast cancer 
(Sainsbury fitai.. Brit. J. CanCfir. 1988, 5fi. 458; Guerin et al.. Oncotrenft Rp^ i988, 2, 21 and 

St al- Breast QinCffr Res. Treat., 1994, 22, 73), non-small cell lung cancers (NSCLCs) 
including adenocarcinomas (Cemy d ai-, Brit. J. Cnnc^ 1986, M. 265; Reubi 

1 0 £t al.. I nt . J . Cancg . 1 990. 45, 269 and Rusch cl al.. Cancer Re5:e;,rrh 1 993. 51. 2379) and 
squamous cell cancer of the lung (Hendler £l al-. Cancer CeJk 1 989. 2, 347), bladder cancer 
(Neal £1 al., Lancel, 1985. 366), oesophageal cancer (Mukaida el al.. Cancer . 1991, 6£, 142), 
gastrointestinal cancer such as colon, rectal or stomach cancer (Bolen sLil., Oncogene R ^5; ,, 
1 987, 1, 1 49), cancer of the prostate ( Visakorpi el al-, Histnchem I 1 992, 24, 48 1 ), 

15 leukaemia (Konaka el ai-. Cell. 1984, 22. 1035) and ovarian, bronchial or pancreatic cancer 
(European Patent Specification No. 0400586). As further human tumour tissues are tested for 
the EGF family of receptor tyrosine kinases it is expected that its widespread prevalance will 
be established in further cancers such as thyroid and uterine cancer. It is also known that EGF 
type tyrosine kinase activity is rarely detected in normal cells whereas it is more frequently 

20 detectable in malignant cells (Hunter, CcU, 1987, 5Q, 823). It has been shown more recently 
( W J Gullick, Brit. Med, Bull , 1 99 1 , 42, 87) that EGF receptors which possesses tyrosine 
kinase activity are overexpressed in many human cancers such as brain, lung squamous cell, 
bladder, gastric, colorectal, breast, head and neck, oesophageal, gynaecological and thyroid 
timiours. 

25 Accordingly it has been recognised that an inhibitor of receptor tyrosine kinases 

should be of value as a selective inhibitor of the growth of mammalian cancer cells (Yaish £i 
aL Scisnss, 1988, 242, 933). Support for this view is provided by the demonstration that 
erbstatin, an EGF receptor tyrosine kinase inhibitor, specifically attenuates the growth in 
athymic nude mice of a U-ansplanted human mammary carcinoma which expresses EGF 

30 receptor tyrosine kinase but is without effect on the growth of another carcinoma which does 
not express EGF receptor tyrosine kinase (Toi el al-, Eur. J. Cancer Clin Onrnl 1990, 2fi, 
722). Various derivatives of styrene are also stated to possess tyrosine kinase inhibitory 
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properties (European Patent Application Nos. 021 1363, 0304493 and 0322738) and to be of 
use as anti-tumour agents. The in vivo inhibitory effect of two such styrene derivatives which 
are EGF receptor tyrosine kinase inhibitors has been demonstrated against the growth of 
human squamous cell carcinoma inoculated into nude mice ( Yoneda st Cancer Research , 
S 1991,11,4430). Accordingly it has been indicated that Class I receptor tyrosine kinase 
inhibitors will prove to be useful in the treatment of a variety of human cancers. Various 
known tyrosine kinase inhibitors are disclosed in a more recent review by T R Burke Jr. 
(Prwgs of the Future. 1992, 12, 1 19). 

EGF type receptor tyrosuie kinases have also been implicated in non-malignant 
10 proliferative disorders such as psoriasis (Elder ai., ScifinCfi* 1989, 811). It is therefore 
expected that inhibitors of EGF type receptor tyrosine kinases will be useful in the treatment 
of non-malignant diseases of excessive cellular proliferation such as psoriasis {where TGFa is 
believed to be the most important growth factor) and benign prostatic hypertrophy (BPH), 
atherosclerosis and restenosis. 
15 It is known from European Patent Applications Nos. 0520722 and 0566226 and 

from International Patent Applications WO 95/15758, WO 95/19169, WO 96/09294, 
WO 96/151 18, WO 96/16960 and WO 96/30347 that certain quinazoline derivatives which 
bear an anilino substituent at the 4-position possess receptor tyrosine kinase inhibitory 
activity. It is further known from European Patent Application No, 060285 1 and from 
20 International Patent Application WO 95/23141 that certain quinazoline derivatives which bear 
a heteroarylamino substituent at the 4-position also possess receptor tyrosine kinase inhibitory 
activity. 

It is further known from International Patent Application WO 92/20642 that certain 
aryl and heteroaryl compounds inhibit EGF and/or PDGF receptor tyrosine kinase. There is 
25 the disclosure of certain quinazoline derivatives therein but no mention is made of 
4-anilinoquinazoline derivatives. 

It is further known from European Patent Application No. 0635507 and from 
International Patent Applications WO 95/06648, WO 95/19970 and WO 96/29331 that certain 
tricyclic compounds which comprise a 5- or 6-membered ring fiised to the benzo-ring of a 
30 quinazoline possess receptor tyrosine kinase inhibitory activity or phosphodiesterase 
inhibitory activity. It is also known from European Patent Application No. 0635498 that 
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certain quinazoline derivatives vAdch carry an amino group at the 6-position and a halogeno 
group at the 7-position possess receptor tyrosine kinase inhibitory activity. 

The in xitm anti-proiiferative effect of a 4-anilinoquinazoline derivative has been 
disclosed by Fry filal., ScifiDCfi, 1994» 261. 1093. It was stated that the compound 
5 4-(3-bromoanilino)-6,7-dimethoxyquinazoHne was a highly potent inhibitor of EGF receptor 
tyrosine kinase. 

The in vivo inhibitory effect of a 4,5-dianilinophthalimide derivative which is an 
inhibitor of the EGF family of receptor tyrosine kinases has been demonstrated against the 
growth in BALB/c nude mice of a human epidermoid carcinoma A-431 or of a human ovarian 

10 carcinoma SKOV-3 (Buchdunger £l al * Proc. Nat. Acad. Sci .. 1994. 21, 2334). 

It is further disclosed in International Patent Applications WO 96/33977, 
WO 96/33978, WO 96/33979, WO 96/33980 and WO 96/33981 that certain further 
quinazoline derivatives which bear an aniiino substituent at the 4*position possess receptor 
tyrosine kinase inhibitory activity. 

IS There is no disclosure in these documents of quinazoline derivatives which bear a 

heteroaryl moiety attached directly to the 6-position (other than the disclosure in International 
Patent Application WO 96/16960 of certain 4-aniIinoquinazoiines which bear a 5- or 
9-membered nitrogen-linked heteroaryl moiety at the 6-position) or attached to the 6-position 
by way of a 1- or 2-atom chain, or of an aryl moiety attached directly to the 6-position or 

20 attached to the 6-position by way of a 1 - or 2-atom chain [other than the disclosure in 

European Patent Application No. 0S66226 of certain 4-anilinoquinazolines which bear an aryl 
moiety attached to the 6-position by way of a CONH, NHCH2, CH2NH or SCH2 linking chain 
(with the aryl moiety attached to the first atom of these 2 atom linking groups, for example the 
carbon atom within the CONH group)]. 

25 We have now found that such compounds possess anti-proliferative properties which 

are believed to arise from their Class I (EGF type) receptor tyrosine kinase inhibitory activity. 
According to the invention there is provided a quinazoline derivative of the 

fomiula 1 
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wherein X' is a direct link or a group of the formula CO, C(R\, CH(0R\ C(R\-C(R^)2, 
C(RVC(R^). OC, CH(CN), O, S, so, SO2, N(R^), CON(R'). SOjNCR*), N(R')C0, 
5 N(R')S02, OC(R'), SC(R\, N(R')C(R\, C(JR\o, C(K\S or C(R')jN(R'). and each R^ is 
indepoidently hydrogen or (l-4C)alkyl; 

v^erein Q' is phenyl, naphthyl or a 5- or 6-meinbered heteroaryl moiety containing up to 3 
heteroatoms selected from oxygen, nitrogen and sulphur, which heterocyclic moiety is a 
single ring or is fused to a benzo ring, and Q' optionally bears up to 3 substituents selected 

10 from halogeno, hydroxy, amino, trifluoromethoxy, trifluoromethyl, cyano, nitro, carboxy, 
carbamoyl, (l-4C)alkoxycarbonyl, (l-4C)alkyl. (l-4C)aIkoxy, (2-4C)aikenyloxy, 
(2-4C)alkynyloxy, (l-3C)alkylenedioxy, (l-4C)alkylamino, di-[(l-4C)alkyl]amino, 
pyrrolidin-l-yl, piperidino, morpholino, piperazin-l-yl, 4-(l-4C)alkylpiperazin-l-yl, 
(2-4C)alkanoylamino, N-(l -4C)alkylcarbamoyl, N,N-di-[(l-4C)alkyl]carbamoyl, 

15 amino-(l-4C)alkyl, (l-4C)alkylamino-(l-4C)alkyl, di-((l-4C)alkyl]amino-(l-4C)alkyL 
pyrrolidin-l -yl-( 1 -4C)alkyl, piperidino-( 1 -4C)alkyl, morphoHno.( 1 -4C)alkyl, 
piperazin- 1 -y l-( 1 -4C)aikyl, 4-( 1 -4C)aIkylpiperazin- 1 -yl-( 1 ^C)alky 1. halogeno-(2-4C)alkoxy, 
hydroxy-(2-4C)alkoxy. (l-4C)alkoxy-(2-4C)alkoxy, amino-(2-4C)alkoxy, 
( 1 -4C)alkylamino-(2-4C)alkoxy, di-[( 1 ^C)alkyl]amino-{2-4C)alkoxy, 

20 pyrrolidin-l -yl-(2-4C)alkoxy, piperidino-(2-4C)aIkoxy, morpholino-{2-4C)alkoxy, 
piperazin- 1 -y l-(2-4C)alkoxy, 4-( I -4C)alkylpiperazin- 1 -yl-(2-4C)alkoxy , 
(l-4C)alkylthio-(2-4C)alkoxy,(l-4C)alkylsulphinyl-(2-4C)alkoxy, 

{ 1 -4C)alkylsulphonyl-(2-4C)alkoxy , halogeno-(2-4C)alkylamino, hydK)xy-(2-4C)alkylamino, 
( 1 -4C)alkoxy-(2-4C)alkylamino, amino-(2-4C)alkylamino, 
25(1 -4C)alkylamino-(2.4C)alkylamino. di-[(l -4C)alkyl]amino-(2-4C)alkylamino, 
pyrrolidin- 1 -yl-(2-4C)alkylamino, pipcridino-(2-4C)alkylamino, 
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morpholino-(2-4C)alky lamino, piperazin- 1 -y i-(2-4C)alkylainino, 

4-( 1 -4C)alkylpiperazin- 1 -yl-(2-4C)alkylainino, N-( 1 -4C)alkyl-halogeno-(2-4C)alkylamino, 
N-( 1 -4C)alkyl-hydro>cy-(2-4C)alkylainino» N-(l -4C)alkyH 1 -4C)alkoxy-(2-4C)alkylamino. 
halogeno-(2-4C)aikanoylainino»hydroxy-(2-4C)alkanoyIamino, 

5 (l-4C)alkoxy-(2-4C)alkanoylainino, (3-4C)alkenoylamino, (3-4C)alkynoylamino, 
amino-(2-4C)alkanoylamino,(MC)alkylamino-(2-4C)alkanoylam 
di-[(l -4C)alkyl]amino-(2-4C)alkanoylamino, pyirolidin-l-yl-(2-4C)alkanoylamino, 
piperidino-(2-4C)alkanoylamino, moq)holino-(2-4C)alkanoylamino, 
piperazin- 1 -yl-(2-4C)alkanoylainino and 4-( 1 -4C)alky Ipiperazin- 1 -yl-(2-4C)alkanoylamino, 

10 and ^^^e^ein any of the above-mentioned substituents comprising a CHj (methylene) group 
which is not attached to a halogeno, SO or SO2 group or to a N, O or S atom optionally bears 
on said CH2 group a substituent selected from hydroxy, amino, (MC)alkoxy, 
(l-4C)alkylamino and di-[(l-4C)alkyl]amino; 

wherein m is 1 or 2 and each is independently hydrogen, halogeno, trifluoromethyl, 
15 hydroxy, amino* nitro, cyano, carboxy, carbamoyl, (l*4C)alkoxycarbamoyl, (l-4C)alkyl, 
(l-4C)alkoxy. (l-4C)alkylamino, di-[(MC)alkyl]amino. (2-4C)alkanoylamino, 
N-(MC)alkylcarbamoyl or tLH-di-[(MC)alky!]carbamoyl; 

and wherein is phenyl or a 9- or lO-membered bicyclic heterocyclic moiety containing 1 or 
2 nitrogen heteroatoms and optionally containing a further heteroatom selected from oxygen, 
20 nitrogen and sulphur, and optionally bears up to 3 substituents selected from halogeno, 
trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 
(MC)alkyl, (l-4C)alkoxy, (MQalkylamino, di-[(l-4C)alkyl]amino, (2-4C)alkanoylamino, 
M-(l-4C)alkylcarbamoyl and N,N-di-(MC)alkylcarbamoyl, 
or is a group of the formula II 



wherein is a group of the formula CO, C(R^)2, CH(OR^), C(R^)2-C(R^).. C(R^)=C{R^), 
C=C, CH(CN), O, S, SO, SO2, N(R'), CON(R'), S02N(R'). N(R^)C0, N(R')S02, 0C(R')2, 
SC(R^)2, C(R^)20 or C{R^)2S wherein each R^ is independently hydrogen or (l-4C)alkyl, 




II 



25 
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is phenyl or naphthyl or a 5- or 6-membered heteroaryi moiety containing up to 3 
heteroatoms selected from oxygen, nitrogen and sulphur, which heteroaryi moiety is a single 
ring or is fused to a benzo ring, and wherein said phenyl or naphthyl group or heteroaryi 
moiety optionally bears up to 3 substituents selected from halogeno, tiifluoromethyl, cyano, 
5 hydroxy, amino, nitro.carboxy, carbamoyl, (l-4C)aikoxycarbonyl, (l-4C)alkyl, 
(MC)alkoxy, (l-4C)alkylamino, di-[(l-4C)alkyl]ainino, (2-4C)alkanoylamino, 
H-(l-4C)alkylcarbamoyl and HJi-<ii-[(l-4C)alkyi]carbamoyl, 

n is 1, 2 or 3 and each is independently hydrogen, halogeno, trifluoromethyl, cyano, 
hydroxy, amino, nitro, (l-4C)alkyl, {I-4C)alkoxy, (MC)alkylamino, di-[(l-4C)alkyl]amino 
10 or (2-4C)alkanoylamino; 

or a pharmaceuticaUy-acceptable salt thereof; 

provided thai, when is optionally-substituted phenyl, is not N(R^)CO, N(R^)S02, 
0C(R^)2, N(R^)C(R^)2, C(R^)2S or C(R^)2N(R^); and when is a direct link, is not a 5- or 
9-membered nitrogen- linked heteroaryi moiety containing up to 3 nitrogen heteroatoms. 
1 S According to a further aspect of the invention there is provided a quinazoline 

derivative of the formula I 

wherein X' is a direct link or a group of the formula CO, C(R^)2, CH(OR^), C(R^)2-C(R\, 
C(R^)=C(R^), CsC, CH(CN), O, S, SO, SOj, N(R^), CON(R^), SOjNCR^), N(R^)CO, 
N(R^)S02, 0C(R^)2. SC(R^)2, N(R^)C(R^)2, C(R^)20, C(R^)2S or C(R^)2N(R^), and each R^ is 

20 independently hydrogen or (I -4C)alkyl; 

wherein is a 5- or 6-membered heteroaryi moiety containing up to 3 heteroatoms selected 
from oxygen, nitrogen and sulphur, which heterocyclic moiety is a single ring or is fiised to a 
benzo ring, and optionally bears up to 3 substituents selected from 
halogeno, hydroxy, amino, trifluoromethoxy, trifluoromethyl, cyano, nitro, carboxy, 

25 carbamoyl, (l-4C)alkoxycarbonyl, (l-4C)alkyl, (l-4C)alkoxy, (2-4C)alkenyloxy, 
(2-4C)alkynyloxy, (l-3C)alkylenedioxy, (MQalkylamino, di-[(l-4C)alkyl]amino, 
pyrrolidin-l-yl, piperidino, morpholino, piperazin-l-yl, 4-(l-4C)alkylpipera2in-l-yl, 
{2-4C)alkanoylamino, ti-{l-4C)alkylcarbamoyi, N,N-di-[(l-4C)alkyl]carbamoyl, 
amino-( 1 -4C)alkyl, ( 1 -4C)alkylamino-( 1 -4C)alky 1, di-[( 1 -4C)alky l]amino-( I -4C)alky I, 

30 pyrrolidin- 1 *yl-( 1 -4C)alky I, piperidino-( 1 -4C)alkyl, morpholino-( 1 -4C)alkyl, 
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piperazin-Uyl-(l-4C)aIkyK 4-(MC)alkylpiperazin-l-yI-(MC)alkyl, halogcno-(2-4C)alkoxy, 
hydroxy-(2-4C)alkoxy, (l-4C)alkoxy.(2-4C)alkoxy, ainino.(2-4C)alkoxy, 
(l-4C)alkylamino-(2-4C)alkoxy, di-[(l-4C)alkyl]amino-(2-4C)alkoxy, 
pyrrolidin.l-yI.(2-4C)alkoxy, piperidino-(2^C)alkoxy, morphoIino.(2-4C)alkoxy, 
5 piperazin- 1 -y l-(2-4C)aikoxy , 4-( 1 -4C)alkylpiperazin- 1 -y l-(2-4C)alkoxy , 
( 1 -4C)alkylthio-(2-4C)alkoxy, ( 1 •4C)alkylsulphinyl-(2-4C)alkoxy, 

( 1 -4C)alkylsulphonyl-(2-4C)alkoxy , halogeno-{2-4C)alky lamino, hydroxy-(2-4C)alkylamino, 

(1 -4C)alkoxy-(2-4C)alkylamino, amino-(2-4C)alkylamino, 

( 1 -4C)alkylainino-(2-4C)alkylainino, di-(( 1 -4C)alkyl]amino-(2-4C)alkylamino, 

10 pyrroHdin-l-yl-(2-4C)alkylamino, piperidino-(2-4C)alkylamino, 
morpholino(2-4C)alkylamino, piperazin- 1 -yl-(2-4C)alkylamino, 
4-( 1 -4C)alky Ipiperazin- 1 -y l-(2-4C)alky lamino, M-( 1 -4C)alkyl-halogeno- 
(2-4C)alkylainino, li< 1 -4C)alky l-hydroxy-(2-4C)alkylainino, 
M-(l-4C)alkyI-(l^C)alkoxy-(2-4C)alkylamino, haIogeno-(2-4C)alkanoylamino, 

15 hydroxy.(2-4C)alkanoylamino, (l-4C)alkoxy-(2-4C)alkanoylamino, (3^C)alkenoylaraino, 
(3-4C)alkynoylaxnino, ammo-(2-4C)alkanoylamino, (MC)alkylamino-(2-4C)alkanoylamino, 
di-[(l-4C)alkyl]ainino-(2-4C)alkanoylaniino, pyrrolidine l-yK2-4C)alkanoylamino, 
piperidino-(2-4C)aIkanoylamino, morpholino-(2-4C)alkanoylamino, 
piperazin- 1 -y l-(2-4C)alkanoy lamino and 4.( 1 -4C)alkylpiperazin- 1 -y K2-4C)alkanoylainino, 

20 and wherein any of the above-mentioned substituents comprising a CHj (methylene) group 
which is not attached to a halogeno, SO or SO2 group or to a N, O or S atom optionally bears 
on said CH2 group a substituent selected fcom hydroxy, amino, (l-4C)alkoxy, 
(l-4C)alkylamino and di-[(l-4C)alkyl]amino; 

wherein m is 1 or 2 and each R' is independently hydrogen, halogeno, trifluoromethyl, 
25 hydroxy, amino, nitre, cyano, carboxy, carbamoyl, (l-4C)alkoxycarbamoyl, (l-4C)alkyl, 
(l-4C)alkoxy, (l-4C)alkylamino, di-[(MC)alkyl]amino, (2-4C)alkanoylamino, 
N-(l-4C)alkylcarbamoyl or NJ4-di-[(l-4C)alkyl]carbamoyl; 

and wherein is phenyl which optionally bears up to 3 substituents selected from halogeno, 
trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 
30 (MC)alkyl, (l-4C)aIkoxy, (l-4C)alkylamino, di-[(l-4C)alkyllamino, (2-4C)alkanoylamino, 
N-(l-4C)alkylcarbamoyl and M,N-di-(l-4C)alkylcarbamoyl; 
or a pharmaceuticaiiy-acceptable salt thereof; 
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provided that, when X* is a direct link, is not a 5- or 9-membered nitrogen-linked 
heteroaryl moiety containing up to 3 nitrogen heteroatoms. 

In this specification the term "alkyl" includes both straight and branched chain alkyl 
groups but references to individual alkyl groups such as "propyl" arc specific for the straight 
5 chain version only. For example when R* is a hydroxy-(2-4C)alkoxy group, suitable values 
for this generic radical include 2-hydroxyethoxy, 2-hydroxypropoxy, l-hydroxyprop-2-yloxy 
and 3-hydroxypropoxy. An analogous convention applies to other generic tenns. 

Within the present invention it is to be understood that a quinazoline derivative of 
the formula I may exhibit the phenomenon of tautomerism and that the formulae drawings 
1 0 within this specification can represent only one of the possible tautomeric forms. It is to be 
understood that the invention encompasses any tautomeric form which possesses 
anti-proliferative activity and is not to be limited merely to any one tautomeric form utilised 
within the formulae drawings. 

The quinazolines of the formula I are unsubstituted at the 2-position thus it is to be 
15 understood that the R* groups are located only on the benzo portion of the quinazoline ring. 

It is also to be understood that certain quinazoline derivatives of the formula I can 
exist in solvated as well as unsolvated forms such as, for example, hydrated forms. It is to be 
understood that the invention encompasses all such solvated forms which possess 
anti-proliferative activity. 
20 Suitable values for the generic radicals referred to above include those set out below. 

A suiuble value for a substituent on Q*, or Q\ for a substituent on a CHj group 
within a substituent on Q*, or for R*, R^ R^ or R^* when it is halogeno is, for example, fluoro, 
chloro, bromo or iodo; 

when it is (l-4C)alkyl is, for example, methyl, ethyl, propyl, isopropyl or butyl; 
25 when it is {l-4C)alkoxy is, for example, methoxy, ethoxy, propoxy, isopropoxy or butoxy; 
when it is (l-4C)alkylamino is, for example, methylamino, ethylamino or propylamino; 
when it is di-[(l-4C)alkyl]amino is, for example, dimethylamino, diethylamino, 
N-ethyl-K-methylamino or dipropylamino; 

when it is (2-4C)alkanoylamino is, for example, acetamido, propionamido or butyramido; 
30 when it is (l-4C)alkoxycarbonyl is, for example, methoxycarbonyl, ethoxy carbonyl, 
propoxy carbonyl, butoxcarbonyl or Ifiil-butoxycarbonyl; 

when it is N-( 1 -4C)alkylcarbamoyl is, for example, N-methylcarbamoy I or N-ethylcarbamoyl; 
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and when it is HJi-di-[(l-4C)alkyi]carbainoyl is, for example, NJl-dimcthylcarbamoyl, 
H-ethyi-M-methylcarbamoyl and ^J^Kiiethylearbamoyl. 

Suitable values for each substituent which may be present on include, for 

example:- 

vinyloxy and allyloxy; 
2-propynyloxy; 

methylenedioxy, ethylenedioxy and 
propylenedioxy; 



5 for (2-4C)alkenyloxy: 
for (2-4C)alkynyloxy: 
for (l-3C)aUcylenedioxy 



for4-(MC)alkyl- 
10 piperazin-l-yl: 



for amino-(l-4C)alkyl: 

for ( 1 -4C)alkylamino-( 1 -4C)alky 1: 



4-methylpiperazin-l-yl and 
4-ethylpiperazin-l -yl; 

aminomethyl, 2-aminoethyl and 3-aminopropyl; 
methylaminomethyl, 2-methylaminoethyl and 
3 -methy laminopropyl ; 

15 fordi-I(1.4C)alkyl]amino-(l-4C)alkyl: dimethylaminomethyl, diethylaminomethyl, 

2- dimethylaminoethyl, 2-diethylaminoethyl and 

3- dimethylaminopropyl; 

pyrrolidin-l-ylmethyi, 2-pyrroIidin-l-ylethyl and 
3-pym)lidin- 1 -ylpropyl; 
piperidinomethyl, 2-piperidinoethyI and 
3-piperidinopropyl; 

morpholinomethyl, 2-morphoIinoethyi and 
3-morpholinopropyl; 

piperazin-l-ylmethyl, 2-piperazin-I-ylethyI and 
3 -piperazin- 1 -ylpropyl ; 



for pyrrolidin-l-yl-(l-4C)alkyl: 
20 forpiperidino-(l-4C)alkyl: 
for morpholino-(l-4C)alkyl: 
for piperazin- 1 -yl-( 1 -4C)aIkyl: 



25 



for 4-( 1 -4C)alkylpiperazin- 1 -y 1- 
(MC)alkyl: 



30 for halogeno-(2-4C)alkoxy: 



4-methylpiperazin- 1 -y Imethy 1, 

2- <4-methylpiperazin-l-yI)ethyl and 

3- (4-methylpiperazin-] -yl)propyl; 

2- fluoroethoxy, 2-chloroethoxy, 2-bromoethoxy, 

3- fluoropropoxy, 3-chioropropoxy, 
2,2,2-trifluoroethoxy, 1,1 ,2,2.2-pentafluoroethoxy, 
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for hydroxy-(2-4C)alkoxy: 

5 

for (N4C)alkoxy-(2-4C)alkoxy: 

for amino-(2-4C)alkoxy: 
for ( I -4C)alkylamino-(2-4C)- 
10 alkoxy: 

for di-[(l-4C)alkyl]amino- 
(2-4C)alkoxy: 

15 



for pyrrolidin-l-yl-(2-4C)- 
20 alkoxy: 

for piperidino-(2-4C)alkoxy: 
for morpholino-(2-4C)alkoxy: 
for piperazin-l-yl-(2-4C)alkoxy: 

25 

for 4-(1.4C)alkylpiperazin-l-yl- 
(2-4C)alkoxy: 

for (l-4C)alkyithio.(2-4C)alkoxy; 
30 for(l-4C)alkylsulphinyH2-4C)- 
alkoxy: 



2^,3,3-tetrafluoiopropoxy, 
2^,33,3-pcntafluoropropoxy and 
1, 1,2,2,3 ,3,3'-heptafIuoropropoxy; 
2-hydroxyethoxy, 3-hydroxypropoxy and 
4-hydroxybutoxy; 

2- incthoxyethoxy, 2-ethoxyethoxy, 

3- inethoxypropoxy and 3-cthoxypropoxy; 
2-aniinoethoxy and 3-aminopropoxy; 

2-methylaminoethoxy, 2-ethylaminoethoxy, 

2- propylaniinoethoxy, 3-methylaminopropoxy and 

3- ethylaininopropoxy; 

2-dimethylaminoethoxy, 
2-(M-ethyl-N-methylamino)ethoxy, 

2- diethylaininoethoxy, 2-dipropylaminoethoxy, 

3- dimethylaminopropoxy and 
3-diethyIaminopropoxy; 

2- (pyrrolidin-l-yl)ethoxy and 

3- (pyrrolidin- 1 -y l)propoxy ; 
2-piperidinoethoxy and 3-piperidinopropoxy; 
2*morpholinoethoxy and 3-niorpholinopropoxy; 

2- (piperazin-l-yl)ethoxy and 

3- (piperazin- 1 -yl)propoxy ; 

2- (4-methylpiperazin-l-yl)elhoxy and 

3- (4-methylpiperazin- 1 -yl)propoxy ; 
2-methylthioethoxy and 3 -methyl thiopropoxy; 

2- methylsulphinylethoxy and 

3- methylsulphinylpropoxy; 
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for (l-4C)alkyisulphonyI-(2-4C)- 
alkoxy: 

for halogeno-(2-4C)alkylamino: 

5 

for hydroxy-(2-4C)alkylamino: 

for (l-4C)alkoxy-(2.4C)alkyl- 
10 amino: 

for amino-(2-4C)alkylamino: 

for (l-4C)alkylammo- 
15 (2-4C)alkylainino: 



20 fordi-[(l-4C)alkyl]amino- 
(2-4C)alkylamino: 



25 



for pyrrolidin-l-yU(2-4C)- 
alkylamino: 

30 

for pipertdino-(2-4C)alkylainino: 



2- methylsu]phonylethoxy and 

3- methylsuIphonyipropoxy; 
2-fluoroethylamino, 2-chloroethylamino, 

2- bromoethylamino, 3-fluoropropylainino and 

3- chloropropylaniino; 

2-hydroxyethylamino, 3-hydroxypropylamino and 

4- hydroxybutylamino; 

2- methoxyethylamino, 2-ethoxyethyIaniino, 

3- methoxypropylamino and 3-ethoxypropylamino; 
2-aminoethylamino, 3-aniinopropylamino and 

4- aminobuty!aniino; 

2- methylaminoethylamino, 2-ethyU 
aminoethylamino, 2-propylaminoethylamino, 

3- methylaminopropyIamino, 

3- ethyianiinopropylamino and 

4- methylaminobutylamino; 

2-dimethylaminoethylamino, 

2-{N-ethyl-fcl-melhylamino)ethyIamino, 

2-diethyIaininoethylamino, 

2- dipropylaniinoethylamino, 

3- dimethylaminopropylamino, 

3- diethylaminopropyIamino and 

4- dimelhylaminobutylamino; 

2- (pyrrolidin-l-yl)ethylamino and 

3- (pyrrolidin-l -yi)propylamino; 

2- piperidinoethylamino and 

3- piperidinopropyIamino: 
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for morpholino-(2-4C)alkylamino: 

for piperazin- 1 -y K2-4C)- 
alkyiamino: 

5 

for 4-(MC)alkylpiperazin-I-y|. 
{2-4C)alkylamino: 

for li-(MC)aIkyl-haIogeno- 
10 (2^C)alkyIamino: 



for N-(l-4C)alkyi-hydroxy-(2-4C)- 
alkylainino: 

15 



for N-{ I -4C)aIkyl-(MC)alkoxy. 
(2-4C)alkylamino: 

20 

for haiogeno-(2-4C)alkanoyiainino: 
for hydroxy-(2-4C)alkanoylainmo: 

25 

for (l-4C)alkoxy^2^C)- 
alkanoylamino: 

30 

for (3-4C)alkenoylamino: 



2- inorpholinoethyiamino and 

3- morphoIinopropylammo; 

2- (piperazin-l-yl)ethylamino and 

3- (piperazin-l -yl)propylamino; 

2- (4-melhylpiperazin-l-yI)eihylamino and 

3- (4-methylpiperazin- 1 -yl)propylamino; 

N-(2-chloroethyl>N-methylamino, 
tI-(2-bromoethyl)-H-niethylamino and 
I4-(2-bromoelhyl)-l>I-ethylamino; 

N-(2-hydroxyethyl)-N-methylamino, 
N-(3-hydroxypropyI)-N-meihylamino and 
M-ethyl-N-(2-hydroxyethyI)amino; 

l:J-melhyl-N-(2-mcthoxyethyi)amino, 
N-methyl-H-(3-methoxypropyl)amino and 
ti-ethyl-N-{2-niethoxyethyl)amino; 

2- chloroacetamido, 2-bromoacetamido, 

3- chloropropionamido and 3-bromopropionamido; 
2-hydroxyacetamido, 3-hydroxypropionamido and 

4- hydroxybutyramido; 

2-mcthoxyacelamido, 2-ethoxyacetamido, 

2- propoxyacetamido, 3-methoxypropionamido, 

3- elhoxypropionamido and 4-methoxybutyramido; 
acrylamido, methacrylamido, crotonamido and 
isocrotonamido; 
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for (3-4C)alkynoylaiiiino: 

for amino-(2-4C)alkanoylainino: 

for (l-4C)alkylamino-(2-4C). 
5 alkanoylamino: 

for di.[( 1 -4C)alky l]ainino.(2-4C) 
alkanoylamino: 



for pyrrolidin- 1 -yl-(2-4C)- 
alkanoylamino: 



for piperidino-(2-4C)- 
alkanoylamino: 

20 

for morpholino-(2-4C)- 
alkanoylamino: 

25 forpiperazin-l-yl-(2-4C)- 
alkanoylamino: 

for 4-{l-4C)alkylpiperazin-l-yl- 
30 (2-4C)alkanoylamino: 
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propiolamido; 

2- aminoacetamido» 2-aminopropionamido and 

3- aminopropionamido; 

2-methylaminoacetamido, 2-ethylaminoacetamido, 

2- methylaminopropionanudo and 

3- methylaminopropionamido; 

2-dimethylaminoacetamido, 
2-diethylaminoacetamido, 

2- dimethylaminopropionamido and 

3- dimethylaminopropionamido; 

2-pyrrolidin- 1 -y lacetamido, 

2- pyiTolidin-l-ylpropionamido and 

3- pynrolidin- 1 -ylpropionamido; 

2-piperidinoacetamido, 2-piperidinopropionamido 
and 3-piperidinopropionamido; 

2-morpholinoacetamido, 

2- morpholinopropionamido and 

3- morphoIinopropionamido; 

2-piperazin- 1 -y lacetamido, 

2- piperazin-l -ylpropionamido and 

3- piperazin- 1 -ylpropionamido; 

2-(4-methylpiperazin- 1 -yl)acetamido, 

2- (4-melhy Ipiperazin- 1 -yl)propionamido and 

3- (4-methylpipera2in- 1 -y l)propionamido. 
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When there is a (l-3C)aIkyIenedioxy substituted on Q\ the oxygen atoms thereof 
occupy adjacent positions on the Q' ring. 

When m is 1 the substituent is preferably located at the 7-position of the 
quinazoline ring. 

5 Suitable substituents formed when any of the substituents on comprising a CH2 

group which is not attached to a halogeno, SO or SO2 group or to a N, O or S atom bears on 
said CH2 group a substituent selected from hydroxy, amino, (MQalkoxy, (l-4C)alkylamino 
and di-f(l-4C)aUcyI]amino include, for example, substituted (MC)alkylamino-(2-4C)alkoxy 
ordi-[(l-4C)alkyl]amino-(2-4C)alkoxy groups, for example 

1 0 hydroxy-( 1 -4C)alkylamino-(2-4C)alkoxy or hydroxy-di-[( 1 -4C)alky l]amino-(2-4C)alkoxy 
groups such as 3-methylamino-2-hydroxypropoxy and 3-dimethylamino-2-hydroxypropoxy. 

A suitable value for and when it is a naphthyl group is, for example, 
1-naphthyl or 2-naphthyL 

A suitable value for or when it is a 5- or 6-membered heteroaryl moiety 

15 containing up to 3 heteroatoms selected from oxygen, nitrogen and sulphur, which is a single 
ring is, for example, furyl, pyrrolyl, thienyl, pyridyl, oxazolyl, isoxazolyl, pyrazoiyl, 
imidazolyl, thiazolyl, isothiazolyl, pyrazinyl, pyrimidinyl, pyridazinyl, 1,2,3-triazolyl, 
1,2,4-triazolyl, oxadiazolyl, furazanyl or thiadiazoylyl, or which is fiised to a benzo ring is, for 
example, benzoftiryi, indolyl, benzothienyl, quinolyl, isoquinolyl, benzoxazolyl, indazolyl, 

20 benzimidazolyl, benzothiazolyl, cinnolinyl, qtiinazolinyl, quinoxalinyl or benzotriazolyl. Said 
heteroaryl moiety may be attached to X' and through any available position. The optional 
substituents on Q* or Q"' may be located at any available position including on any available 
nitrogen heteroatom. 

A suitable value for when it is 9- or 10-membered bicyclic heterocyclic moiety 

25 containing 1 or 2 nitrogen heteroatoms and optionally containing a further heteroatom 

selected from nitrogen, oxygen and sulphur is, for example, a benzo-fused heterocyclic moiety 
such as indoIyU isoindolyl, indolizinyl, IH-benzimidazolyl, IH-indazolyl, benzoxazolyl, 
benzo[c]isoxazolyl, benzo[d]isoxazolyl, benzothiazolyl, benzo(c]isothiazolyl, 
benzo[d]isothiazolyl, IH-benzotriazolyl, benzo[c]furazanyl, benzo[c][2,l,3]thiadiazolyl, 

30 benzo[d][l,2,3]oxadiazolyl, benzo[d][l,2,3]thiadiazolyl, quinolyl, 1,2-dihydroquinolinyl, 
isoquinolyl, cinnolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, 4U-K4-benzoxa2inyl or 
4ii-l ,4-benzothia2inyL 
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The heterocyclic moiety may be attached through any available position including 
from either of the two rings of the bicyclic heterocyclic moiety. The heterocychc moiety may 
bear a suitable substituent such as a (MC)alkyl substituent on an available nitrogen atom. 
It is also to be understood that^ within the structure of fonnula I, when is, for 

5 example, a group of the fonnula C(R\0, it is the C atom which is attached to the quina2X)line 
ring and the O atom which is attached to Q^ Likewise, when is, for example, a group of 
the formula N(R^)S02, it is the N atom which is attached to the phenylene ring and the SO2 
group which is attached to Q^. Likewise, when X* is, for example, a group of the formula 
CON(R^), it is the CO group which is attached to the quinazoline ring and the N atom which 

10 is attached to Q^ 

A suitable pharmaceutical ly-acceptable sail of a quinazoline derivative of the 
invention is, for example, an acid-addition salt of a quinazoline derivative of the invention 
which is sufficiently basic, for example, a mono- or di-acid-addition salt with, for example, an 
inorganic or organic acid, for example hydrochloric, hydrobromic, sulphuric, phosphoric, 

1 S trifluoroacetic, citric or maleic acid. In addition a suitable pharmaceutically-acceptable salt of 
a quinazoline derivative of the invention which is sufficiently acidic is an alkali metal salt, for 
example a sodium or potassium salt, an alkaline earth metal salt, for example a calcium or 
ms^nesium salt, an ammonium salt or a sah with an organic base which affords a 
physiologically-acceptable cation, for example a salt with methylamine, dimethylamine, 

20 trimethylamine, piperidine, morpholine or tris-(2-hydroxyethyl)amine. 

Particular novel compounds of the invention include, for example, quinazoline 
derivatives of the formula I, or pharmaceutically-acceptable salts thereof, wherein, unless 
otherwise stated, each of Q\ X', m, and has any of the meanings defined hereinbefore 
or in this section concerning particular compounds of the invention:- 

25 (a) X* is a direct link; 

(b) X* is a group of the formula CO, CHj, CH(OH), CHjCHj, CH=CH, CsC, O, S, SO, 
SO2, NH, CONH, SO2NH, NHCO, NHSO2, OCH2, SCHj, NHCHj, CHjO, CH2S or CHjNH; 

(c) X* is a group of the formula CHj, CH2CH2, O, S, SO, SOj, NH, NHCO, NHSO2, 
OCH2 or NHCH2; 

30 (d) Q* is phenyl optionally substituted as defined hereinbefore; 
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(e) is a 5* or 6-membered monocyclic heleroaiyi moiety containing up to 3 
heteroatoms selected from oxygen, nitrogen and sulphur which is optionally substituted as 
defined hereinbefore; 

(f) Q* is fiiryl, pyrrolyl, thicnyl. pyridyl. oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, 
5 thiazolyl, isothiazolyU pyrazinyl, pyrimidinyl, pyridazinyl, 1,2,3-triazolyl or 1,2,4-triazolyl 

which is attached from any available position including from a nitrogen atom and which is 
optionally substituted as defined hereinbefore; 

(g) bears no optional substituents; 

(h) bears 1 or 2 substituents selected from halogeno, hydroxy, amino, 

10 trifluoromethoxy, trifluoromethyl, cyano, nitro, (l-4C)alkyl, (l-4C)alkoxy, (l-4C)alkylamino, 
di-[(l-4C)alkyl]amino and (2-4C)alkanoylamino; 

(i) bears a substituent selected from amino-( 1 -4C)aIkyl, (1 -4C)aIkylamino- 
( 1 -4C)alkyl, di-[( 1 -4C)alky l]amino-( 1 -4C)alky K pyrrolidin- 1 -yl-( 1 -4C)alky 1, 
piperidino-(l-4C)alkyl, morpholino-(l-4C)alkyl, pipera2in-l-yl'(l-4C)alkyl and 

1 5 4^ I -4C)alkylpiperazin- 1 -y K 1 -4C)alkyl; 
(j) m is 1 and is hydrogen; 
(k) m is 1 and is (MQalkoxy; 

(I) is phenyl which is optionally substituted as defined hereinbefore; 

(m) is a group of the formula 11 




II 



wherein is a group of the formula CO, CHj, CH(OH), S, SO2NH or OCH2, is phenyl or 
pyridyl vMch optionally bears i or 2 substituents selected from halogeno, (l-4C)aIkyl and 
25 (l-4C)alkoxy, n is 1 and R^ is hydrogen, halogeno, (l-4C)alkyl or (l-4C)alkoxy; 

(n) is a group of the formula II wherein is a group of the formula CO, is 

phenyl which optionally bears 1 or 2 substituents selected fit>m halogeno, (1 -4C)aIkyl and 
(MC)alkoxy, n is 1 and R^ is hydrogen, halogeno or (l-4C)alkyl; and 
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(o) is a group of the formula II wherein is a group of the formula OCH2, is 

pyridyl, n is 1 and is hydrogen, halogeno or (l-4C)alkyl; 

provided that when Q' is optionally-substituted phenyl, X* is not N(R^)CO, N(R^)S02, 
OCiK\ N(R')C(R\, C(R\S or C(R')jN(R^); and when X" is a direct link, Q' is not a 5- or 
5 9-membered nitrogen-linked heteroaryl moiety containing up to 3 nitrogen heteroatoms. 
A preferred compound of the invention is a quinazoline derivative of the 

formula I 

wherein is a direct link or a group of the fonnula CH2, CHjCHj, NH, NHCO, NHSO2, 
OCH2, SCHj, NHCH2, CH2O or CH2S; 
10 Q^s 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-oxa2olyl, 

4- oxazolyl, 5-isoxazolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, 2-thiazoiyl, 4-thiazolyl, 

5- isDthiazolyl or 1 ,2,3-tria2ol-4-yl which optionally bears a substituent selected from methyl, 
aminomethyl, 2-aminoethyl, methylaminomethyl, 2-methylaminoethyl, 
dimethylaminomelhyl, 2-dimethylaminoethyl, pyrrolidin-l-ylmethyl, 2-pyrrolidin-l-ylethyl, 

15 piperidinomethyl, 2-piperidinoethyl, morpholinomethyl, 2-morpholinoethyl, 
piperazin-l-ylmethyl, 2-piperazin-l-ylethyl, 4-methylpiperazin-l-ylmethyl and 
2-{4-methylpipcrazin- 1 -y l)ethy 1; 
m is 1 and R* is hydrogen or methoxy; 

and is phenyl which optionally bears 1, 2 or 3 substituents selected from fluoro, chloro, 
20 bromo, trifluoromethyl, cyano, methyl and methoxy, 
or is a group of the formula II 

wherein X^ is a group of the formula CO or OCH2, is phenyl or 2-pyridyl which optionally 
bears 1 or 2 substituents selected from fluoro, chloro, bromo, methyl and methoxy, n is 1 and 
25 R^ is hydrogen, fluoro, chloro. bromo or methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compoimd of the invention is a quinazoline derivative of the 

formula I 

wherein X' is a direct link or a group of the formula NHCO, OCH2 or NHCHj; 




wo 97/30034 PCT/GB97/D0344 

- 19- 

Q* is 2-furyl, 3-fuiyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-oxazolyl, S-isoxazolyl or 
4*imidazolyl which optionally bears a substituent selected from aminomethyl, 
morpholinomethyl and 2-morphoUnoethyl; 
m is 1 and is hydrogen or methoxy; 
5 and is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chioro, 
bromo and methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A specific especially preferred compound of the invention is the quinazoline 
derivative of the formula I:- 

10 4-(3-chloro-4-fluoroanilino)-6-(3-fiiryl)quinazoline, 
4-(3-chloro-4-fiuoroanilino)-6-(2-thienyl)quina2oline, 
4-(3-chloro-4-fluoroanilino)-6-[5-(2-morpholinoethyl)thien-2-yl]quinazoiine, 
4-(3-chloro-4-fluoroanilino)-6-(5-morpholinomethylthien-3-yl)quinazoIine or 
4-(3-chloro-4-fluoroanilino)-7-methoxy-6-(3-pyridylmethoxy)quinazoline; 

15 or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the 

formula I 

wherein X' is a direct link; 

is thienyl which bears a substituent selected from amino-(l-4C)alkyl, (l-4C)alkylamino- 
20 (MC)alkyl. di-[(l-4C)alkyl]amino-(l-4C)alkyl, pynrolidin-l-yKMC)alkyI, 
piperidino-(l-4C)alkyI, morphoIino-(l-4C)alkyl, pipera2in-l-yl-(l-4C)alkyl and 
4.( 1 -4C)alky Ipiperazin- 1 -y l-( 1 ^Qalky 1; 
m is 1 and R' is hydrogen; 

and is phenyl which optionally bears up to 3 substituents selected from halogeno, 
25 trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 
(l-4C)alkyl, (MC)alkoxy, (MQalkylamino, di-[(I-4C)alkylJamino, (2-4C)aIkanoylamino, 
N-(l-4C)alkylcarbamoyl and N,M-di-(l-4C)alkylcarbamoyl; 
or a pharmaceutically-acceptable salt thereof 

A fiirther preferred compound of the invention is a quinazoline derivative of the 

30 formula! 

wherein is a direct link; 

Q' is 2-thienyl which optionally bears a substituent selected from methyl, aminomethyl. 
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2-aminoethyl, methylaminomethyl, 2-inethylaaunoethyl, dimethylaminomethyl, 
2-diinethylaininoethyl» pyrrolidine Nylmethyl, 2-pyrroiidin-l-ylethyl, piperidinomethyl, 
2-piperidinoethyl, morpholinomethyl, 2-morpholinoethyl, piperazin-l-ylmethyl. 
2-piperazin-l-ylethyl, 4-methyipiperazin-l-ylmethyl and 2-(4-methyIpiperazin-l-yl)ethyl; 
5 m is 1 and R* is hydrogen or methoxy; 
and is phenyl which optionally bears 1, 2 or 3 substituents selected from fluoro» chloro, 
bromo, trifluoromethyU cyano, methyl and methoxy; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

A further preferred compound of the invention is a quinazoline derivative of the 

10 formula I 

wherein X' is a direct link; 

Q* is 2-thienyl which optionally bears a substituent selected from aminomethyl, 
morpholinomethyl and 2-morpholinoethyl; 
m is 1 and R* is hydrogen or methoxy; 
15 and is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro, 
bromo and methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

A further specific especially preferred compound of the invention is the quinazoline 
derivative of the formula I:- 
20 4-(3-chloro-4-fluoroanilino)-6-[5-(2-morpholinoethyl)thien-2-yllquina2oline; 
or a pharmaceutically-acceptable acid-addition salt thereof 

A further preferred compoimd of the invention is a quinazoline derivative of the 
formula I wherein X' is a direct link or a group of the formula O; 

Q' is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro, bromo, 
25 amino, cyano, nitro» aminomethyl, methylaminomethyl, dimethylaminomethyl, 

diethylaminomethyl, pyrrolidin-l-ylmethyl, piperidinomethyl, morpholinomethyl, 

piperazin-l-ylmethyl and 4-methylpiperazin-l-ylmethyl; 

m is 1 and R* is hydrogen or methoxy; and 

is phenyl which optionally bears 1, 2 or 3 substituents selected from fluoro, chloro, bromo, 
30 trifluoromethyl, cyano, methyl and methoxy, 

or is a group of the formula II 
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II 



wherein is a group of the formula OCH2, is 2-pyridyI, n is 1 and R"* is hydrogen, fluoro, 
chloro or methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 
5 A further preferred compound of the invention is a quinazoline derivative of the 

formula I wherein is a direct link or a group of the formula O; 

Q' is phenyl which optionally bears 1 or 2 substituents selected from amino, aminomethyl, 

diethylaminomethyl, pyrrolidin-l-ylmethyl, piperidinomethyl and morpholinomethyl; 

m is 1 and is hydrogen; and 
10 is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro and 

methyl; 

or a pharmaceuticaily-acceptable acid-addition salt thereof 

A further specific especially preferred compound of the invention is the quinazoline 
derivative of the formula I:- 

1 5 4-(3-meihylanilino)-6-phenylquinazoline, 

6-(4-aminomethylphenyl)-4-(3-chloro-4-fluoroEmilino)quinazoline, 
6-(4-aminophenoxy)-4-(3-chloro-4-fluoroanilino)quinazoline, 
6-(4-aminomethylphenoxy)-4-(3-chIoro-4-fluoroanilino)quina2oline or 
4-(3-chloro-4-fluoroanilino)-6-{4-morpholinomethylphenoxy)quinazoline; 

20 or a pharmaceuticaily-acceptable acid-addition salt thereof 

A quinazoline derivative of the formula I, or a pharmaceuticaily-acceptable salt 
thereof, may be prepared by any process known to be applicable to the preparation of 
chemically-related compounds. Suitable processes include, for example, those illustrated in 
European Patent Applications Nos. 0520722, 0S66226, 0602851, 0635507 and 0635498^ and 

25 International Patent Applications WO 96/151 18 and WO 96/16960. Such processes, when 
used to prepare a quinazoline derivative of the formula I, or a pharmaceuticaily-acceptable salt 
thereof, are provided as a further feature of the invention and are illustrated by the following 
representative examples in which, unless otherwise stated, X', Q\ m, R* and have any of 
the meanings defined hereinbefore for a quinazoline derivative of the formula I. Necessary 
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starting materials may be obtained by standard procedures of organic chemistiy. The 
preparation of such starting materials is described within the accompanying non-limiting 
Examples. Alternatively necessary starting materials are obtainable by analogous procedures 
to those illustrated which are within the ordinary skill of an organic chemist. 
5 (a) The reaction, conveniently in the presence of a suitable base» of a quinazoline of the 
formula III 




III 

wherein Z is a displaceable group, with an aniline of the formula Q^-NH2. 

A suitable base is, for example, an organic amine base such as, for example, 

10 pyridine, 2,6-Iutidine, collidine, 4-dimethylaminopyridine, triethylamine, morphoUne, 

N-methylmoipholine or diazabicyclo[S.4.0]undec-7-ene, or, for example, an alkali or alkaline 
earth metal carbonate or hydroxide, for example sodium carbonate, potassium carbonate, 
calcium carbonate, sodium hydroxide or potassium hydroxide, or, for example, an alkali meial 
hydride, for example sodium hydride. 

1 5 A suitable displaceable group Z is, for example, a halogeno, alkoxy, aryloxy or 

sulphonyloxy group, for example a chloro, bromo, methoxy, phenoxy, methanesulphonyloxy 
or toluene-4-sulphonyloxy group. The reaction is conveniently carried out in the presence of 
a suitable inert solvent or diluent, for example an alkanol or ester such as methanol, ethanoL 
isopropanol or ethyl acetate, a halogenated solvent such as methylene chloride, chloroform or 

20 carbon tetrachloride, an ether such as tetrahydrofuran or 1,4-dioxan, an aromatic solvent such 
as toluene, or a dipolar aprotic solvent such as N>N-dimethylfoxmamide, 
H>H-dimethylacetamide, N-methylpyrroIidin-2-one or dimethylsulphoxide. The reaction is 
conveniently carried out at a temperature in the range, for example, 10 to 250''C, preferably in 
the range 40 to 80X. 

25 The quinazoline derivative of the formula I may be obtained from this process in the 

form of the free base or alternatively it may be obtained in the form of a salt with the acid of 
the formula H-Z wherein Z has the meaning defmed hereinbefore. When it is desired to 
obtain the free base from the salt, the salt may be treated with a suitable base, for example, an 
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organic amine base such as, for example, pyridine, 2,6-luti(iine, collidine, 
4-dimethylaminopyridine, triethylamine, morphoiine, M-methylmorpholine or 
diazabicyclo[S.4.0]undec-7-ene, or, for example, an alkali or alkaline earth metal carbonate or 
hydroxide, for example sodium carbonate, potassium carbonate, calcium carbonate, sodium 
S hydroxide or potassium hydroxide, 
(b) For the preparation of those compounds of the formula I wherein X' is a direct link, 
the reaction, conveniently in the presence of a suitable catalyst, of a quinazoline of ihe 
formula IV 

Q2 

NH 

10 wherein Z is a displaceable group as defined hereinbefore, with an organoboron reagent of the 
formula Q*-B(L*)(L^) wherein each and L^, which may be the same or different, is a 
suitable ligand. 

A suitable value for the ligands L* and which are present on the boron atom 
include, for example, a hydroxy, (l-4C)alkoxy or (l-6C)alkyl ligand, for example a hydroxy, 

15 methoxy, ethoxy, propoxy, isopropoxy, butoxy, methyl, ethyl, propyl, isopropyl or butyl 
ligand. Alternatively the ligands L' and may be linked such that, together with the boron 
atom to which they are attached, they form a ring. For example, and together may 
define an oxy-(2-4C)alkylene-oxy group, for example an oxyethyleneoxy or 
oxytrimethyleneoxy group such that, together with the boron atom to which they are attached, 

20 they form a cyclic boronic acid ester group. Particularly suitable organoboron reagents 
include, for example, compounds of the formulae Q*-B(OH)2, Q'-B(0Pr')2 and Q'-B(Et)2. 

A suitable catalyst for the reaction includes, for example, a metallic catalyst such as 
a palladium(O), palladium(II), nickel(O) or nickelCIl) catalyst, for example 
tetrakis(triphenyiphosphine)palladium(0), palladium(II) chloride, palladium(II) bromide, 

25 bis(triphenylphosphine)palladium(II) chloride, tetrakis(triphenylphosphine)nickel(0), 
nickel(II) chloride, nickel(Il) bromide or bis(triphenylphosphine)nickel(II) chloride. In 
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addidon a free radical initiator may conveniently be added, for example an azo compound 
such as azo(bisisobutyn>nitiile). 

The reaction is conveniently carried out in the jwescnce of a suitable inert solvent or 
dUuent, for example an ether such as tetrahydrofinan, 1 ,4-dioxan or 1 ,2-dimethoxyethane, an 
5 aromatic solvent such as benzene, toluene or xylene, or an alcohol such as methanol or 
ethanol, and the reaction is convenienUy carried out at a temperature in the range, for example 
10 to 250»C, preferably in the range 60 to 120»C. 

Organoboron reagents of the formula Q'-B(L')(L^) may be obtained by standard 
procedures of organic chemistry which are within the ordinary skill of an organic chemist, for 

10 example by the reaction of an organometallic compound of the formula Q'-M, wherein M is, 
for example, lithium or the magnesium halide portion of a Grignard reagent, with an 
organoboron compound of the formula Z-B(L'XL^) wherein 2 is a displaceable group as 
defined hereinbefore. Preferably the compound of the formula Z-B(L')(L^) is, for example, 
boric acid or a tri-( 1 -4C)alkyl borate such as tri-isopropyl borate. 

15 In an alternative procedure the organoboron compound of the formula 

Q'-B(L')(L^) may be replaced with an organometallic compound of the formula Q'-M 
v\*erein M is a metal atom or a metallic group (i.e. a metal atom bearing suitable ligands). 
Suitable vali»s for the metal atom include, for example, lithium and copper. Suitable values 
for the metalUc group include, for example, groups which contain a tin, silicon, zirconium, 

20 aluminium, magnesium or mercury atom. Suitable ligands within such a metallic group 
include, for example, hydroxy groups, (l-6C)alkyl groups such as metijyl, ethyl, propyl, 
isopropyl and butyl groups, halogcno groups such as chloro, bromo and iodo groups, and 
(l-6C)alkoxy groups such as methoxy, ethoxy, propoxy, isopropoxy and butoxy groups. A 
particular organometallic compound of the fonaiula Q'-M is, for example, an organotin 

25 compound such as a compound of the formula Q'-SnBuj, an organosilicon compound such as 
a compound of the formula Q'-Si(Me)F2, an organozirconium compound such as a compound 
of the formula Q -ZrCl,, an organoaluminium compound such as a compound of the formula 
Q -AlEtj, an organomagnesium compound such as a compound of the formula Q'-MgBr, or 
an organomercury compound such as a compound of the formula Q'-HgBr. 

30 (c) For the preparation of those compounds of the formula I wherein X' is a direct link, 
the reaction, conveniently in the presence of a suitable catalyst as defined hereinbefore, of a 
quinazoline of the formula V 
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Q2 



NH 




V 



wherein each of and L^, which may be the same or different, is a suitable ligand as defined 
hereinbefore, with a compound of the formula Q^-Z wherein Z is a displaceable group as 
defined hereinbefore. 

S The reaction is conveniently carried out in a suitable inert solvent or diluent and at a 

suitable temperature in an analogous maimer to the conditions described in paragraph (b) 
hereinbefore. 

The quinazoline of the formula V may conveniently be obtained by analogous 
procedures to those described hereinbefore for the preparation of the organoboron reagent of 
10 the formula Q*-B(L^)(L^). 

(d) For the production of those compounds of the formula 1 wherein xSs a group of the 
formula N(R^)CO or N(R^)S02, the acylation of an amine of the formula VI 

Q2 



NH 




VI 



with a carboxylic acid of the formula Q -CO2H, or a reactive derivative thereof, or a sulphonic 
15 acid of the formula Q^-S020H, or a reactive derivative thereof, as appropriate. 

A suitable reactive derivative of a carboxylic acid of the formula Q^-C02H is, for 
example, an acyl halide, for example an acyl chloride formed by the reaction of the acid and 
an inorganic acid chloride, for example thionyl chloride; a mixed anhydride, for example an 
anhydride formed by the reaction of the acid and a chloroformate such as isobutyl 
20 chloroformate; an active ester, for example an ester formed by the reaction of the acid and a 
phenol such as pentafluorophenol» an ester such as pentafluorophenyl trifluoroacetate or an 
alcohol such as methanol, ethanol, isopropanol, butanol or H-hydroxybenzotriazole; an acyl 
azide. for example an azide formed by the reaction of the acid and azide such as 
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diphenylphosphoryl azide; an acyl cyanide, for example a cyanide formed by the reaction of 
an acid and a cyanide such as diethylphosphoryl cyanide; or the product of the reaction of the 
acid and a carbodiimide such as dicyclohexyicarbodiimide. Analogously suitable reactive 
derivatives of the suiphonic acid of the formula Q'-S020H may be obtained. 
5 The reaction is conveniently carried out in a suitable inert solvent or diluent as 

defined hereinbefore and at a temperature in the range, for example, 0 to 120**C, preferably at 
or near ambient temperature. 

(e) For the production of those compounds of the formula I wherein X ' is a group of the 
formula 0C(R^)2, SC(R^)2 or N(R^)C(R^)2, the alkylation, conveniently in the presence of a 

10 suitable base as defined hereinbefore, of an appropriate phenol, thiophenol or aniline with an 
alkylating agent of the formula Z-CCR^VQ* wherein Z is a displaceable group as defined 
hereinbefore. 

The reaction is conveniently carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 10 to 1 SO'^C, preferably at 
15 ornear80**C. 

(f) For the production of those compound of the formula I wherein X* is a group of the 
formula C(R^)20, C{K\s or C(R^)2N(R^), the alkylation, conveniently in the presence of a 
suitable base as defined hereinbefore, of the appropriate phenol of the formula H0-Q\ 
thiophenol of the formula HS-Q* or aniUne of the formula R^NH-Q', with an alkylating agent 

20 of the formula VII 

Q2 



NH 




wherein Z is a displaceable group as defined hereinbefore. 

The reaction is conveniently carried out in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0 to ISO^^C, preferably in 
25 the range 20 to TO^'C. 

(g) For the production of those compounds of the formula I which possess an 
aminomethyl substituent or wherein X^ is a group of the formula N(R^)CH> or CH2N{R^), the 
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reduction of a compound of the formula I which possesses a cyano substituent or wherein X 
is a group of the formula N(R^)CO or CON(R^) as appropriate. 

The reduction may be carried out by any of the many procedures known in the art 
for such transformations. A suitable reducing agent is, for example, an alkali metal 
S aluminium hydride such as lithium aluminium hydride. 

The reduction is conveniently carried out in a suitable inert solvent or diluent such as 
diethyl ether or tetrahydrofiiran and at a temperature in the range» for example, 
0 to SO^'C, preferably in the range 15 to 50*C. 

(h) For the production of those compounds of the formula I which possess an 
1 0 amino substituent, the reduction of a compound of the formula I which possesses a nitro 
substituent. 



known for such a transformation. The reduction may be canned out, for example, by the 
hydrogenation of a solution of the nitro compound in an inert solvent or diluent as defined 

1 S hereinbefore in the presence of a suitable metal catalyst such as palladium or platinum. A 
further suitable reducing agent is, for example, an activated metal such as activated iron 
(produced by washing iron powder with a dilute solution of an acid such as hydrochloric 
acid). Thus, for example, the reduction may be carried out by heating a mixture of the nitro 
compound and the activated metal in a suitable solvent or diluent such as a mixture of water 

20 and an alcohol, for example, methanol or ethanoi, to a temperature in the range, for example, 
50 to 150''C, conveniently at or near 70*^C. 

(i) For the production of those compounds of the formula I wherein X* is a group of the 
formula NHCH(R^), the reductive amination of a keto compound of the formula 
R^-CO-Q' with an amine of the formula VIII 

Q2 



Any reducing agent known in the ait for promoting a reductive amination reaction 
may be employed. A suitable reducing agent is, for example, a hydride redacting agent, for 



The reduction may conveniently be carried out by any of the many procedures 



NH 



25 




VIII 
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example an alkali metal aluminium hydride such as lithium aluminium hydride or, 
preferably, an alkali metal borobydride such as sodium borohydride, sodium 
cyanoborohydride, sodium triethylborohydride, sodium trimethoxyborohydride and sodium 
triacetoxyborohydridc. The reaction is conveniently performed in a suitable inert solvent or 
5 diluent, for example tetrahydrofiiran and diethyl ether for the more powerful reducing agents 
such as lithium aluminium hydride, and, for example, methylene chloride or a protic solvent 
such as methanol and cthanol for the less powerful reducing agents such as sodium 
triacetoxyborohydride and sodium cyanoborohydride. The reaction is performed at a 
temperature in the range, for example, 10 to 80^C, conveniently at or near ambient 
10 temperature. 

0) For the production of those compounds of the formula I wherein is a group of 
the formula O, S or N(R^), the coupling, conveniently in the presence of a suitable base as 
defined hereinbefore, of an appropriate phenol, ihiophenol or aniline with a compound of the 
formula Z-Q* wherein Z is a displaceable group as defined hereinbefore. 

1 5 Conveniently the reaction may be performed in the presence of a suitable catalyst, 

for example a metallic catalyst such as a palladium(O) or copper(l) catalyst, for example 
tetrakis(triphenylphosphine)palladium(0), cuprous chloride or cuprous bromide. 

The coupling reaction is conveniently performed in a suitable inert solvent or 
diluent as defined hereinbefore, preferably in H,H-dimethylfonnamide, 

20 NJa-dimethylacetamide, li-methylpynrolidin-2-one, dimethylsulphoxide or acetone, and at a 
temperature in the range, for example, 10 to 1 50*^0, conveniently at or near 100**C. 

When a pharmaccutically-acceptable salt of a quinazoline derivative of the formula 
I is required, for example a mono- or di-acid-addition salt, it may be obtained, for example, by 
reaction of said compound with, for example, a suitable acid using a conventional procedure. 

25 As stated hereinbefore the quinazoline derivative defined in the present invention 

possesses anti-proliferative activity such as anti-cancer activity which is believed to arise from 
the Class I receptor tyrosine kinase inhibitory activity of the compound. These properties 
may be assessed, for example, using one or more of the procedures set out below:- 
(a) An in vitro assay which determines the ability of a test compound to inhibit the 

30 enzyme EOF receptor tyrosine kinase. Receptor tyrosine kinase was obtained in partially 
purified form from A-431 cells (derived from human vulval carcinoma) by the procedures 
described below which are related to those described by Carpenter £i aL, J. Biol. Chern ,, 1979, 



wo 97/30034 PCT/GB97/00344 

-29- 

254- Cohen et aL. J. Biol. Chem.. 1982> 257. 1523 andby BraunfitaL, J. BioL Chcm., 
1984,252,2051. 

A-431 cells were grown to confluence using Dulbecco's modified Eagle's medium 
DMEM) containing 5% fetal calf serum (FCS). The obtained cells were homogenised in a 
5 hypotonic borate/EDTA buffer at pH 1 0. L The homogenate was centrifiiged at 400 g for 1 0 
minutes at 0-4''C. The supernatant was centrifuged at 25,000 g for 30 minutes at 0-4*'C. The 
pelleted material was suspended in 30 mM Hepes buffer at pH 7.4 containing 5% glycerol, 
4 mM benzamidine and 1% Triton X-100, stirred for 1 hour at 0-4®C, and rccentrifiiged at 
100,000 g for 1 hour at 0-4'^C. The supernatant, containing solubilised receptor tyrosine 
10 kinase, was stored in liquid nitrogen. 

For test purposes 40 ^1 of the enzyme solution so obtained was added to a mixture of 
400 ^l of a mixture of 150 mM Hepes buffer at pH 7.4, 500 ^iM sodium orthovanadate, 0.1% 
Triton X-100, 10% glycerol, 200 ^l water, 80 of 25 mM DTT and 80 \il of a mixture of 
12.5 mM manganese chloride, 125 mM magnesium chloride and distilled water. There was 
IS thus obtained the test enzyme solution. 

Each test compound was dissolved in dimethylsulphoxide (DMSO) to give a 50 mM 
solution which was diluted with 40 mM Hepes buffer containing 0.1% Triton X-100, 10% 
glycerol and 10% DMSO to give a SOO ^M solution. Equal voltunes of this solution and a 
solution of epidermal growth factor (EGF; 20 |ig/ml) were mixed. 
20 [y-32p]ATP (3000 Ci/mM, 250 ^iCi) was diluted to a volume of 2 ml by the addition 

of a solution of ATP (100 ^M) in distilled water. An equal volume of a 4 mg/ml solution of 
the peptide Arg-Arg-Leu-Ile-Glu-Asp-Ala-Glu-Tyr-Ala-Ala-Arg-Gly in a mixture of 40 mM 
Hepes buffer at pH 7.4, 0.1% Triton X-IOO and 10% glycerol was added. 

The test compound/EGF mixture solution (5 pi) was added to the test enzyme 
25 solution (10 ^1) and the mixture was incubated at 0-4®C for 30 minutes. The ATP/peptide 
mixture (10 was added and the mixture was incubated at 25**C for 10 minutes. The 
phosphorylation reaction was tenninated by the addition of 5% trichloroacetic acid (40 \xl) 
and bovine serum albumin (BSA; 1 mg/ml, 5 pi). The mixture was allowed to stand at 4°C 
for 30 minutes and then cenuifuged. An aliquot (40 pi) of the supernatant was placed onto a 
30 strip of Whatman p 81 phosphocellulose paper. The strip was washed in 75 mM phosphoric 
acid (4x10 ml) and blotted dry. Radioactivity present in the filter paper was measured using 
a liquid scintillation counter (Sequence A). The reaction sequence was repeated in the 
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absence of the EGF (Sequence B) and again in the absence of the test compound (Sequence 
C). 

Receptor tyrosine kinase inhibition was calculated as foUows:- 

100- (A-B) 

5 % Inhibition = x 100 

C-B 

The extent of inhibition was then determined at a range of concentrations of test 
compound to give an IC50 value. 

(b) An in vitro assay which determines the ability of a test compound to inhibit the 
10 EGF-stimulated growth of the human naso-pharyngeal cancer cell line KB. 

KB cells were seeded into wells at a density of 1 x 10^ - 1 .5 x 10^ cells per well and 
grown for 24 hours in DMEM supplemented with 5% FCS (charcoal-stripped). Cell growth 
was determined after incubation for 3 days by the extent of metabolism of MTT tetrazolium 
dye to furnish a bluish colour. Cell growth was then determined in the presence of EGF (10 
1 5 ng/ml) or in the presence of EGF (10 ng/ml) and a test compound at a range of concentrations. 
An IC50 value could then be calculated. 

(c) An in vivo assay in a group of male rats which determines the ability of a test 
compound (usually administered orally as a ball-milled suspension in 0.5% polysorbate) to 
inhibit the stimulation of liver hepatocyte growth caused by the administration of the growth 

20 factor TGFa (400 ^g/kg subcutaneously, usually dosed twice, 3 and 7 hours respectively after 
the administration of the test compound). 

In a control group of rats, the administration of TGFa causes on average a 5-fold 
stimulation of liver hepatocyte growth. 

Cell-growth in the control and test animals is determined as follows:- 

25 On the morning of the day after the dosing of the test compound (or 0.5% 

polysorbate in the control group), the animals are dosed with bromodeoxyuridine (BrdU; 100 
mg/kg intraperitoneally). The animals are killed four hours later and the livers are excised. 
Slices are cut fi-om each liver and the uptake of BrdU is determined by a conventional 
immunohistochemical technique similar to that described on pages 267 and 268 of an article 

30 by Goldsworthy £i al. in Chemically Induced Cell Proliferation: Implications for Risk 
Assessment, Wiley-Liss Inc., 1991, pages 253-284. Further tests were carried out using a 
range of doses of the test compounds to allow the calculation of an approximate EDca value 
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for the inhibition of liver hepatocyte proliferation as determined by inhibition of the uptake of 
BrdU. 

(d) An in-vivo assay in a group of athymic nude mice (strain ONU:Alpk) which 
determines the ability of a test compound (usually administered orally as a ball-milled 
5 suspension in 0.5% polysorbate) to inhibit the growth of xenografts of the human vulval 
epidermoid carcinoma cell line A-431. 

A-43 1 cells were maintained in culture in DMEM supplemented with 5% FCS and 
2mM glutamine. Freshly cultured cells were harvested by trypsinization and injected 
subcutancously (10 million cells/0.1 ml/mouse) into both flanks of a number of donor nude 

10 mice. Whensufficienttumourmaterial was available (after approximately 9 to 14 days), 
ftagments of tumour tissue were transplanted into the flanks of recipient nude mice (test day 
0). Generally, on the seventh day after transplantation (test day 7) groups of 7 to 10 mice with 
similar-sized tumours were selected and dosing of the test compound was commenced. 
Once-daily dosing of test compound was continued for a total of 13 days (test days 7 to 19 

15 inclusive). In some studies the dosing of the test compound was continued beyond test day 
19, for example to test day 26. In each case, on the following day the animals were killed and 
fmal tumour volume was calculated fit)m measurements of the length and width of the 
tumours. Results were calculated as a percentage inhibition of tumour volume relative to 
untreated controls. 

20 Although the pharmacological properties of the compounds of the formula I vary 

with structural change as expected, in general activity possessed by compounds of the formula 
1 may be demonstrated at the following concentrations or doses in one or more of the above 
tests (a), (b), (c)and (d):- 

Tcst(a)> ICjointherange, for example, 0.01 -I jiM; 
25 Test (b)> IC50 in the range, for example, 0.1-10 ^M; 

Test (c):- ED50 in the range, for example, 1-100 mg/kg; 

Test (d):- 20 to 70% inhibition of tumour volume from a daily dose in the 

range, for example, 50 to 400 mg/kg. 
Thus, by way of example, the compound 4'(3-chloro-4.fluoroanilino)-6-[5-(2- 
30 morpholinoethyl)thien-2-yl]quina2oHne has an IC50 of 0.04 ^M in Test (a), an IC50 of 0.19 
in Test (b) and gives 64% inhibition in Test (d) at a dosage of 50 mg/kg/day . 
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According to a fimher aspect of the invention there is provided a phannaceutical 
composition which comprises a quinazoline derivative of the foimula I, or a 
phaimaceutically-acceptable salt thereof, as defined hereinbefore in association with a 
pharmaceutically-acceptable diluent or carrier. 
5 The composition may be in a form suitable for oral administration, for example as a 

tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular, 
intravascular or infusion) as a sterile solution, suspension or emulsion, for topical 
administration as an ointment or cream or for rectal administration as a suppository. 

In general the above compositions may be prepared in a conventional manner using 

10 conventional excipients. 

The quinazoline derivative will normally be administered to a warm-blooded animal 
at a unit dose within the range 5-5000 mg per square meter body area of the animal, i.e. 
approximately 0. 1 - 1 00 mg/kg, and this normally provides a therapeutically-effective dose. A 
unit dose form such as a tablet or capsule will usually contain, for example 1-250 mg of active 

15 ingredient Preferably a daily dose in the range of 1-100 mg/kg is employed. However the 
daily dose will necessarily be varied depending upon the host treated, the particular route of 
administration, and the severity of the ilhiess being treated. Accordingly the optimum dosage 
may be determined by the practitioner who is treating any particular patient. 

According to a further aspect of the present invention there is provided a quinazoline 

20 derivative of the formula I as defined hereinbefore for use in a method of treatment of the 
human or animal body by therapy. 

We have now found that the compounds of the present invention possess 
anti-proliferative properties which are believed to arise from their Class I (EOF type) receptor 
tyrosine kinase inhibitory activity. Accordingly the compounds of the present invention are 

25 expected to be usefiil in the treatment of diseases or medical conditions mediated alone or in 
part by Class I receptor tyrosine kinase enzymes, i.e. the compounds may be used to produce a 
Class 1 receptor tyrosine kinase inhibitory effect in a wann-blooded animal in need of such 
treatment. Thus the compounds of the present invention provide a metiiod for treating the 
proliferation of malignant cells characterised by inhibition of Class 1 receptor tyrosine kinase 

30 enzymes, i.e. tiie compounds may be used to produce an anti-proliferative effect mediated 
alone or in part by the inhibition of Class 1 receptor tyrosine kinase. Accordingly the 
compounds of the present invention are expected to be useful in the treatment of cancer by 
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providing an anti-proliferative effect, particularly in the treatment of Class 1 receptor tyrosine 
kinase sensitive cancers such as cancers of the breast, lung, colon, rectum, stomach, prostate, 
bladder, pancreas and ovary. The compounds of the present invention are also expected to be 
useful in the treatment of other cell-proliferation diseases such as psoriasis, benign prostatic 

5 hypertrophy, atherosclerosis and restenosis. 

Thus according to this aspect of the invention there is provided the use of a 
quinazoline derivative of the formula I, or a pharmaceutically-acceptabie salt thereof, as 
defined hereinbefore in the manufacture of a medicament for use in the production of an 
anti-proliferative effect in a warm-blooded animal such as man. 

1 0 According to a further feature of this aspect of the invention there is provided a 

method for producing an anti-proiiferative effect in a warm-blooded animal, such as man, in 
need of such treatment which comprises administering to said animal an effective amoimt of a 
quinazoline derivative as defined immediately above. 

As stated above the size of the dose required for the therapeutic or prophylactic 

15 treatment of a particular cell-proliferation disease will necessarily be varied depending on the 
host treated, the route of administration and the severity of the illness being treated, A unit 
dose in the range, for example, 1-100 mg/kg, preferably 1 -50 mg/kg is envisaged. 

The anti-proliferative treatment defined hereinbefore may be applied as a sole 
therapy or may involve, in addition to the quinazoline derivative of the invention, 

20 conventional radiothersq>y or one or more other anti-tumour substances, for example cytotoxic 
or cytostatic anti-tumour substances, for example those selected firom, for example, mitotic 
inhibitors, for example vinblastine, vindesine and vinorelbine; alkylating agents, for example 
cis-platin, carboplatin and cyclophosphamide; antimetabolites, for example 5-fluorouraciI, 
tegafur, methotrexate, cytosine arabinoside and hydroxyurea, or, for example, one of the 

25 preferred antimetabolites disclosed in European Patent Application No. 239362 such as 
N-{5-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-ylmethyl)-H-methylamino]-2- 
thenoyl}-L-glutamic acid; intercalating antibiotics, for example adriamycin, mitomycin and 
bleomycin; enzymes, for example asparaginase; topoisomerase inhibitors, for example 
etoposide and camptothecin; biological response modifiers, for example interferon; and 

30 anti-hormones, for example antioestrogens such as tamoxifen, for example antiandrogens such 
as 4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-mcthyl-3*- 

(trifluoromethyl)propionanilide or, for example LHRH antagonists or LHRH agonists such as 
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goserelin, leuprorelin or buscrelin and hbnnone synthesis inhibitois, for example aromatase 
inhibitors such as those disclosed in European Patent AppUcation No. 0296749, for example 

2,2'-[5-(lH-IA4-triazol.l-ylmethyl).U-phenyIenelbis(2-methylpropiomtrile),and,for 
example, inhibitors of 5a-reductase such as 17PHli-lfid-butylcarbamoylH-aza-5a.androst. 
5 1 -en-3-onc. Such conjoint treatment may be achieved by way of the simultaneous, sequential 
or separate dosing of the individual components of the treatment. According to this aspect of 
the invention there is provided a pharmaceutical product comprising a quinazoline derivative 
of the fonnula I as defined hereinbefore and an additional anti-tumour substance as defined 
hereinbefore for the conjoint treatment of cancer. 

10 As stated above the quinazoline derivative defined in the present invention is an 

effective anti-cancer agent, which property is believed to arise fit)m its Class I (EOF type) 
receptor tyrosine kinase inhibitory properties. Such a quinazoline derivative of the invention 
IS expected to possess a wide range of anti-cancer properties as Class I receptor tyrosine 
kinases have been implicated in many common human cancers such as leukaemia and breast, 

15 lung, colon, rectal, stomach, prostate, bladder, pancreas and ovarian cancer. Thus it is 

expected that a quinazoline derivative of the invention wUl possess anti-cancer activity against 
tiiese cancers. It is in addition expected that a quinazoline derivative of die present invention 
will possess activity against a range of leukaemias, lymphoid malignancies and solid tumours 
such as carcinomas and sarcomas in tissues such as tiie liver, kidney, prostate and pancreas. 

20 It is further expected that a quinazoline derivative of the present invention will 

possess activity against other cell-proliferation diseases such as psoriasis, benign prostatic 
hypertrophy, atherosclerosis and restenosis. 

It is also to be expected that a quinazoline derivative of the invention will be useful 
in the treatment of additional disorders of cellular growdi in which aberrant cell signalling by 

25 way of receptor tyrosine kinase enzymes, including as yet unidentified receptor tyrosine 
kinase enzymes, are involved. Such disorders include, for example, inflammation, 
angiogenesis, vascular restenosis, immunological disorders, pancreatitis, kidney disease and 
blastocyte maturation and implantation. 

The invention will now be illustrated in the following non-limiting Examples in 

30 which, unless otherwise stated:- 
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(i) evaporations were carried out by rotary eviration in vacuo and work-up 
procedures were carried out after removal of residual solids such as drying agents by 
filtration; 

(ii) operations were carried out at ambient temperature, that is in the range 18-25'C 
5 and under an atmosphere of an in«t gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were performed on Merck Kieselgel silica (Art. 9385) or Merck 
Lichroprcp RP-18 (Art. 9303) reversed-phasc silica obtained from E. Merck, Darmstadt, 
Germany; 

10 (iv) yields are given for illustration only and are not necessarily the maximum 

attainable; 

(V) melting points were determined using a MetUer SP62 automatic melting point 
apparatus, an oil-bath apparatus or a Koffler hot plate apparatus. 

(vi) the structures of the end-products of the formula I were confirmed by nuclear 
15 (generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 

resonance chemical shift values were measured on the delta scale and peak multilicities are 
shown as follows: s, singlet; d, doublet; t. triplet; m, multiplet, unless otiierwise stated end- 
products of the formula I were dissolved in CDjSOCDj for tiie determination of NMR values. 

(vii) intermediates were not generally fully characterised and purity was assessed by 
20 thin layer chromatography (TLC), infira-red (IR) or NMR analysis; 

(viii) the following abbreviations have been used:- 
DMF fclJ^-dimethylformamide; 

DMA N^-dimethylacetamide; 
NMP Ii-methylpyrTolidin-2-one; 
25 THF tetrahydrofiiran; 

DME 1,2-dimethoxyethane. 
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Exampk 1 

Tetnikis(triphenylphosphmc)palladium(0) (0.04 g) was added to a stirred mixture of 
6-bromo.4-(3-chloro-Ufluoioanilino)quina2oline hydiocMoride salt (0.25 g), a saturated 
aqueous sodium bicarbonate solution ( 1 .5 ml), di-isopropyl 4-cyanophenylboronate and DME 
5 (10 ml). The resultant mixture was stirred and heated to reflux for 3 hours. The mixture was 
cooled to ambient temperature. An aqueous sodium hydroxide solution (5M, 2 ml) and water 
were added in tum and the resultant precipitate was isolated by filtration, dried and purified 
by column chromatography using a 10:1 mixture of methylene chloride and methanol as 

eluenL There was thus obtained 4-{3-chloro^.fluoroanilino)-6-(4-cyanophenyl)quina2oline 
10 (0.05 g, 18%), m.p. >250»C; 

NMR . SpffTtn i m : 7.5 (t, IH), 7.85 (m. IH), 7.9 (d. IH), 8.0-8.15 (m. 4H). 8.2 (m, IH), 8.55 
(m, IH), 8.65 (s, IH), 8.9 (d, IH), 10.0 (broad s, IH); 
Elemental ^nfllvrjiT Found C, 66.1; H, 3.3; N, 14.3; 
C2,H,2C1FN4 O.35H2O requires C, 66.2; H. 3.4; N, 14.7%. 

1 5 The 6-bromo-4K3-chloro-4-fluoroanilino)quinazoline hydrochloride salt used as a 

starting material was obtained as follows:- 

A mixture of 5-bromoanthranilic acid (15.2 g) and formamide (20 ml) was heated to 
140»C for 2 hours and then to 190»C for 2 hours. TTie mixture was cooled to ambient 
temperature. Methanol (20 ml) was added and the mixture was heated to reflux for 5 minutes. 
20 Water (150 ml) was added and the mixture was cooled to ambient temperature. The 
precipitate was washed with water and dried. There was thus obtained 6-bromo-3.4- 
dihydroquinazolin-4-one ( 14. 1 g). 

A mixture of a portion (2.85 g) of the material so obtained, thionyl chloride (30 ml) 
and DMF (4 drops) was stirred and heated to reflux for 3 hours. The mixture was evaporated 
25 to give 6-bromo-4-chloroquina2oline which was used without fiirther purification. 

A mixture of the material so obtained, 3-chloro-4-fluoroaniline (1 .85 g) and 
isopropanol (30 ml) was stirred and heated to reflux for 3 hours. The mixture was allowed to 
cool to ambient temperature and the solid was isolated, washed in tum with isopropanol and 
diethyl eUier and dried. There was thus obtained 6-bromo-4-(3-chloro-4- 
30 fluoroaniljno)quinazoline hydrochloride salt, (2.65 g); 
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NMR Swctrom: 7.53 (t, IH), 7.8 (ra. IH), 7.94 (d, IH), 8.09 (m, IH), 8.26 (m, IH). 8.98 
(S.1HX9.3 (d. IH); 

Elgmcntal Analysif>: Found 43.2; 2.4; N, 10.6; 
CuHgBrClFNa IHCI requires C, 43.2; H, 2.3; N, 10.8%. 
5 The di-isopropyl 4-cyanophenylboronate used as a starting material was obtained as 

foUows:- 

n-Butyllithium ( 1 .6M in hexane, 1 ml) was added dropwise to a stirred mixture of 
4-bromobenzonitrile (0.254 g), tri-isopropyl borate (0.4 ml) and THF (10 ml) which had been 
colled to -78**C. The resultant mixture was stirred and allowed to warm to ambient 
10 temperature. The mixture was evaporated to give the required starting material which was 
used without further purification. 

Example 2 

Tetrakis(triphenylphosphine)palladium(0) (0.019 g) and a solution of phenylboronic 
1 5 acid (0.083 g) in ethanol (1 ml) were added in turn to a stirred mixture of 6-bromo-4-(3- 
methylanilino)quinazoline hydrochloride salt (European Patent Application No. 0520722, 
Example 9 thereof, 0.245 g), a saturated aqueous sodium carbonate solution (0.4 ml) and 
toluene ( 1 .2 ml). The resultant mixture was stirred and heated to reflux for 6 hours. The 
mixture was cooled to ambient temperature and partitioned between methylene chloride and 
20 water. The organic phase was washed writh water, dried (MgS04) and evaporated. The 
residue was purified by colunui chromatography using a 4:1 mixture of methylene chloride 
and ethyl acetate as eluent. There was thus obtained 4-(3-methylanilino)-6-phenylquinazoline 
(0.159 g), m.p. 207-209**C; 

NMR Spgctnim: 2.3 (s, 3H), 6.95 (d, IH), 7.3 (t, IH), 7.4-7.9 (m, 8H), 8.2 (m, IH), 8.6 
25 (s, IH), 8.85 (m, IH), 9.8 (broad s, IH); 

Elemental Analyck- Found C, 78.8; H, 5.5; N, 12.7; 
C2,HnN3 O.5H2O requires C, 78.7; H, 5.6; N, 13.1%. 

Example 3 

30 Lithium aluminium hydride (IM in diethyl ether, 20 ml) was added dropwise to a 

stirred mixture of 4-(3-chloro-4-fluoroaniIino)-6-(4-cyanophenyl)quinazoline (0.706 g), 
diethyl ether (25 ml) and THF (25 ml) and the resultant mixture was stirred at ambient 
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temperature for 16 hours. The mixture was cooled to 0°C. Water (2 ml), 5M aqueous sodium 
hydroxide solution (2 ml) and water (6 ml) were added in turn and the mixture was allowed to 
wann to ambient temperature. The mixture was filtered and the filtrate was evaporated. The 
residue was purified by column chromatography using a 10:1 mixture of methylene chloride 
5 and methanol as eluent. There was thus obtained 6-(4.aminomethylphenyl).4-(3.chloro-4- 
fluoroaniIino)quinazoline (0.409 g); 

NMR Spectnmi : 4.0 (s, 2H), 7.4 (t, IH), 7.6 (d. 2H). 7.8-8.0 (m, 4H), 8.2 (m, 2H). 8.6 (s, IH). 
8.9(5, I H), 10.1 (broads, IH). 

10 Exampl«>4 

Tetrakis(triphenylphosphine)palladium(0) (0.05 g) and a saturated aqueous sodium 
bicarbonate solution (5 ml) were added in turn to a stirred mixmre of 6-bromo-4-(3-chloro-4- 
fluoroanilino)quinazoline hydrochloride salt (0.35 g), 3-furyIboronic acid f J. Het. Chem 
1 975, 1 95; 0.208 g) and DME ( 1 5 ml). The resultant mixmre was stirred and heated to reflux 

15 for 2 hours. The mixture was cooled to ambient temperature and partitioned between ethyl 
acetate and water. The organic phase was washed with water and with brine, dried (MgS04) 
and evaporated. The residue was purified by column chromatography using initially 
methylene chloride and then increasingly polar mixtures of methylene chloride and methanol 
as eluent. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(3-furyl)quinazolinc; 

20 WMR Specin i m : 7.16 (m. IH). 7.48 (t. IH), 7.82 (d, IH). 7.85 (m, 2H), 8.16 (m, IH), 8.18 
(m. IH), 8.35 (d, IH). 8.61 (s, IH), 8.7 (d, IH), 9.88 (s, IH); 
Elgmcmal Analy^ir Found C, 62.8; H, 3.4; N, 10.8; 
CigHnClFNjO O.25H2O requires C, 62.8; H. 3.3; N, 12.2%. 



2S EMPiple 5 

Tetrakis(triphenylphosphine)palladium(0) (0.05 g) was added to a stirred mixture of 
6-bromo-4-(3-chloro-4-fluoroanilino)quinazoline hydrochloride salt (0.613 g), a saturated 
aqueous sodium bicarbonate solution (10 ml), di-isopropyl 2-furylboronate and DME (20 ml). 
The resultant mixture was stirred and heated to reflux for 1 .5 hours. The mixnu^ was cooled 
30 to ambient temperature. An aqueous sodium hydroxide solution (5M, 1 0 ml) and water were 
added in turn. The resultant precipitate was isolated, washed with a small amount of 
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methylene chloride and dried. There was thus obtained 4-(3-chloro-4-nuoroanilino)-6-(2- 
furyl)quinazoline (0.54 g), ni.p. 232-234»C; 

NMRSpcctnim : 6.7 (m, IH), 7.15 (d, IH). 7.4 (t. IH). 7.8 (m. 3H), 8.2 (m, 2H), 8.55 (s. IH). 
8.8 (d,lH). 10.0 (broad s,lH); 
5 Elemental Ani^iyfiir Found C, 57.8; H, 3.6; N, 10.9; 
CigHnClFNjO I.9H2O requires C, 57.8; H, 4.0; N, 11.2%. 

The di-isopropyl 2-fiiiylboroiiate used as a starting material was obtained as 

foUows:- 

n-ButylUthium (1 .6M in hexane, 2.75 ml) was added dropwise to a stirred solution 
10 of fiiran (0.25 g) in THF (10 ml) which had been cooled to 0»C. The resultant mixture was 
stirred at ambient temperature for 20 minutes. The mixture was cooled to -TS^C and tri- 
isopropyl borate (1 ml) was added dropwise. The mixture was allowed to warm to ambient 
temperature and was stirred for 2 hours. The mixture was evaporated to give the required 
starting material which was used without further purification. 

15 

Using an analogous procedure to that described in Example 5 except that the 
reaction mixture was heated to reflux for 3 hours, 6-bromo-4-(3-chloro-4- 
fluoroanilino)quinazoline hydrochloride salt was reacted with di-isopropyl 2-thienylboronate 
20 to give 4-(3-chloro-4-fluoroaniUno)-6-(2-thienyI)quinazoline in 36% yield, m.p. 205-208''C; 
NMRSwtCtnim : 7.2 (m. IH), 7.4 (t, IH), 7.7 (m, 2H). 7.8 (m, 2H). 8.15 (m, 2H), 8.55 (s. IH), 
8.75 (d, IH), 10.0 (broad s, IH); 
Elemental Analysis: Found C, 58.6; H, 3.1; N, 11.3; 
CigH.iClFNjS O.75H2O requires C. 58.5; H, 3.4; N. 1 1.4%. 

25 The di-isopropyl 2-thienylboronatc used as a starting material was obtained as 

foUows:- 

n-Butyllithium (1 .6M in hexane, 2 ml) was added dropwise to a stirred solution of 
2-bromothiophene (0.515 g) in THF (6 ml) which had been cooled to .78»C. Tri-isopropyl 
borate (0.75 ml) was added dropwrise and the resultant mixture was stirred and allowed to 
30 warm to ambient temperature. The mixture was evaporated to give the required starting 
material which was used without further purification. 
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E»ampli» 7 

Using an analogous procedure to that described in Example 5 except that the 
reaction mixture was heated to reflux for 2 hours, 6-bromo-4-(3-chloro-4- 
fluoioanilino)quinazolinc hydrochloride salt was reacted with di-isopropyl 3-thienylboronate 
to give 4-(3-chloro-4-fluoroanilino)-6-(3-thienyl)quinazoline in 51% yield, m.p. 195-197»C; 
NMRSpggmim : 7.5 (t, IH), 7.7-7.9 (m, 4H), 8.05 (m. IH), 8.2 (m, IH), 8.25 (ra, IH), 8.6 
(s, IH), 8.8 (d, IH), 9.9 (broad s, IH); 
Eigmcntal Anaiysiis: Found C, 57.8; H, 3.3; N, 10.6; 
C.gH.iClFNjS I.15H2O requires C, 57.4; H, 3.6; N, 11.2%. 

The di-isopropyl 3-thienylboK>nate used as a starting material was obtained by the 
reaction of 3-bromothiophene and tri-isopropyl borate using an analogous procedure to that 
described in the portion of Example 6 which is concerned with the preparation of staning 
materials. 



15 Example R 

Using an analogous procedure to that described in Example 5 except that the 
reaction mixture was heated to reflux for 4 hours, 6-bromo-4-(3-chloro-4- 
fluoroanilino)quinazoline hydrochloride salt was reacted with di-isopropyl 5-(2- 
morphoiinoethyl)thien-2-ylboronate. The reaction mixture was cooled to ambient temperature 
20 and partitioned between methylene chloride and water. The organic phase was washed with 
brine, dried (MgSO^) and evaporated. The residue was triturated under a mixture of hexane 
and ethyl acetate to give 4-(3-chloro-4-fluoroanilino)-6-[5-(2-morpholinoethyl)thien-2- 
yl]quinazoline in 27% yield; 

NMR SpCTtnim : 2.6-2.7 (t, 2H), 3.0 (t, 2H). 3.65 (t, 4H). 7.0 (d, IH), 7.45 (t, IH). 7.55 
25 (d, IH). 7.8 (m, 2H), 8.1 (m, IH), 8.2 (m. IH), 8.6 (s. IH), 8.75 (d, IH), 9.95 (broad s, IH); 
Elemental Anaiysi??: Found C, 59.0; H, 4.9; N, 1 1 .3; 
C24H22CIFN4OS IH2O requires C, 59.2; H, 5.0; N, 1 1.5%. 

The di-isopropyl 5-(2-morpholinoethyl)thien-2-ylboronate used as a starting material 
was obtained as follows:- 

30 2-(2-Thienyl)acetyi chloride ( 1 6 g) was added slowly to a stirred mixture of 

morpholine (17.5 ml) and methylene chloride (150 ml). A further portion (5 ml) of 
morpholine was added and the mixture was stin-ed at ambient temperature for 4 hours. The 
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reaction mixture was washed in turn with 2M aqueous hydrochloric acid, a saturated aqueous 
sodium bicarbonate solution and brine. The organic phase was dried and evaporated. The 
residue was triturated under a mixture of hexane and diethyl ether to give Ur[2'i2- 
thicnyl)acetyl]morpholine (20.9 g). 

S Lithium aluminium hydride (IM in diethyl ether, 28.3 ml) was added slowly to a 

stirred solution of N'[2K2-thienyl)acetyl]morpholine (3 g) in THF (100 ml). The resultant 
mixture was heated to 4S^C for 30 minutes. A 2M aqueous hydrochloric acid solution was 
added dropwise to destroy the excess of reducing agent and the mixture was partitioned 
between methylene chloride and a 2M aqueous sodium hydroxide solution. The organic 

10 phase was washed vwth brine, dried (MgS04) and evaporated to give 2-(2-morpholinoethyl)- 
thiophene (1.7 g). 

A portion (L22 g) of the material so obtained was dissolved in THF (75 ml) and the 
solution was cooled to -78**C. n-ButylHthium (1.6M in hexane, 3.86 ml) was added dropwise 
and the mixture was stirred at -78®C for 30 minutes. A solution of tri-isopropyl borate (1.16 
15 ml) in THF (25 ml) was added and the reaction mixture was then allowed to warm to ambient 
temperature. The mixture was evaporated to give di-isopropyl 5-(2-morpholinoeihyl)thien-2- 
ylboronate which was used without further purification. 

Exampk 9 

20 Using an analogous procediure to that described in Example 5 except that the 

reaction mixture was heated to reflux for 2 hours, 6-bromo-4-(3-chloro-4- 
fluoroanilino)quinazoline hydrochloride salt was reacted with di-isopropyl 5- 
moTpholinomethylthien-3-ylboronaie. The reaction mixture was cooled to ambient 
temperature and partitioned between methylene chloride and water. The organic phase was 

25 washed with brine, dried and evaporated. The residue was purified by column 

chromatography using a 25:1 mixture of methylene chloride and methanol as eluent. The 
resultant product was recrystallised from ethyl acetate. There was thus obtained 4-(3-chloro- 
4-fluoroanilino)-6-(5-morpholinomethylthien-3-yl)quinazoline in 30% yield; 
NMR SpgCtnim: 2.5 (t, 4H), 3.6 (l, 4H), 3.75 (s, 2H), 7.45 (t, IH), 7.6 (± IH), 7.8 (m, 2H), 

30 7.95 (d, IH), 8.22 (m, 2H), 8.6 (s, IH), 8.75 (d, IH), 9.9 (broad s. IH); 
Elemental Anaiv5;i<;- Found C, 58.5; H, 4.8; R 1 1 .7; 
C23H20CIFN4OS IH2O requires C, 58.4; H, 4.7; N, 11.8%. 
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The di-isopropyl 5-morpholindmethylthien-3-ylboronate used as a starting material 
was obtained as foUows:- 

Sodium cyanoborohydride (2 g) was added porlionwise to a stirred mixture of 
4.bromo-2-thiophenecarbaldehyde (4.78 g), morpholine (2.1 g), glacial acetic acid (1 .8 g) and 
5 ethanol (125 ml). The mixture was stirred at ambient temperature for 1 hour. The mixture 
was poured into a saturated aqueous sodium bicarbonate solution and extracted with 
methylene chloride. The organic phase was washed with brine and evaporated. The resultant 
oil was partitioned between a dilute (10%) aqueous hydrochloric acid solution and methylene 
chloride. The aqueous phase was basified by the addition of a saturated aqueous sodium 

10 bicarbonate solution and extracted with methylene chloride. The organic extract was dried 
(MgS04) and evaporated to give 4-bromo-2-morpholinomethylthiophene (3.2 g); 
NMR Spgctrum: 2.4 (t, 4H), 3.55 (t, 4H), 3.65 (s, 2H), 6.95 (d, IH), 7.5 (d, IH), 

A portion (1 .22 g) of the material so obtained was dissolved in THF (100 ml) and 
the solution was cooled to -78**C. Tri-isopropyl borate (0.963 g) and n-butyllithium ( 1 .6M in 

1 5 hexane, 2.91 ml) were added in turn. The mixture was stirred at -78°C for 30 minutes and 
then allowed to warm to ambient temperature. The mixture was evaporated to give di- 
isopropyl 5-morpholinomethylthien-3-ylboronate which was used without further purification. 



Example 10 

20 A mixture of 6-(2-chloroacetyl)-4-(3-chloro-4-fluoroanilino)quinazoline (0.5 g) and 

formamide (2 ml) was stirred and heated to 140**C for 2 hours. The mixture was cooled to 
ambient temperature and water was added. The precipitate was isolated and purified by 
column chromatography on a CI 8 reversed-phase silica column using decreasingly polar 
mixtures of water and methanol (containing 0.2% of trifluoroacetic acid) as eluent. There 

25 were thus obtained in tum:- 

4-(3-chloro-4-fluoroanilino)-6-(4-imidazolyl)quinazoline (0.135 g); 

NMR Spgcmim: 7.54 (t, IH), 7.78 (m, IH), 7.94 (d, IH), 8.07 (d, IH), 8.12 (m, IH), 8.38 

(m, IH), 8.81 (s, IH), 8.82 (s, IH), 9.01 (s, IH); 

Elemental Analv<;t^> Found C, 42.9; H, 2.5; N, 1 1 .4; 

30 CnHnClFNs I.4H2O 2CF3CO2H requires C, 42.5; H, 2.7; N, 1 1.8%; and 
4-(3-chloro-4-fluoroanilino)-6-(4-oxa2olyl)quinazoline (0.056 g); 
NMR Spggtnini: 7.53 (t, IH), 7.8 (m, IH), 7.93 (d, IH), 8.12 (m, IH), 8.42 (m, IH), 8.65 
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(s, IH), 8.8 (s, IH), 8.88 (s, IH), 9.1 (d, IH); 
Riemental Analysis: Found C, 47.0; H, 2.3; N. 1 1 .2; 
CnH„CIFN40 I.5CF3CO2H requires C, 46.9; H, 2.3; N, 10.9%. 

The 6-(2-chloFoacetyl)-4-(3-chloro-4-fluoroanilino)quinazoline used as a starting 
S material was obtained as follows:- 

Triphenylphosphine (0.063 g) was added to a stirred mixture of 6-bromo-4-(3- 
chloro-4-fluoroanilino)quinazoline hydrochloride salt (2.34 g), triethylamine (3.4 ml), 
(trimethylsilyl)acetylene (1 .33 ml) palladium(II) chloride (0.021 g), cuprous iodide (0.04S g) 
and DMF (IS ml). The mixture was stirred and heated to 90^C for 2 hours. The mixture was 
10 evaporated and the residue was purified by coliunn chromatography using increasingly polar 
mixtures of methylene chloride and methanol as eluent There was thus obtained 4-(3-chloro- 
4-fluoroanilino)-6-(2-trimethylsilylethynyl)quinazoline (2.2 g). 

A mixture of a portion (2 g) of the material so obtained, potassium carbonate 
(0.25 g) and methanol (100 ml) was stirred at ambient temperature for 2 hours. The mixture 
1 5 was acidified to pH5 by the addition of glacial acetic acid. The resultant mixture was 
evaporated and the residue was partitioned between methylene chloride and water. The 
organic phase was dried (MgS04) and evaporated. There was thus obtained 4-(3-chloro-4- 
fluoroanilino)-6-ethynylqmna2oline (1.68 g), m.p. 224-226**C; 

NMR Spectnimt 4.42 (s, IH), 7.45 (t, IH), 7.59 (d, IH), 7.8-7.93 (m, 2H), 8.23 (m, IH), 8.65 

20 (s, IH), 8.77 (s, IH), 9.8 (broad s, IH). 

A mixture of a portion (1.2 g) of the material so obtained, mercuric trifluoroacetate 
(0.1 g), water (1 ml) and trifluoroacetic acid (1 5 ml) was stirred and heated to reflux for 4 
hours. The mixture was evaporated and the residue was purified by column chromatography 
using increasingly polar mixtures of methylene chloride and methanol as eluent. The material 

25 so obtained was triturated under methylene chloride. There was thus obtained 6-acetyl-4-(3- 
chIoro-4-fIuoroanilino)quinazoline (0.37 g), m.p. 21 1-213**C; 

NMR Spectrum: 2.75 (s, 3H), 7.47 (I, IH), 7.83 (m, IH), 7.88 (d, IH), 8.14 (m, IH), 8.33 
(m, IH), 8.69 (s, IH), 9.19 (d, IH). 

Chlorine gas was led into a stirred mixture of 6-acetyI-4-(3-chloro-4-fluoroanilino)- 
30 quinazoline (0.1 1 g), methylene chloride (40 ml) and ethanol (60 ml) and the mixture was 
cooled to a temperature in the range 20 to 25°C. After 10 minuies the supply of chlorine was 
stopped and the reaction mixture was stirred at ambient temperature for 1 hour. The mixture 
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was evaporated to give 6-(2-chloroacetylH-(3^:hloro-4-fluoroanilino)quina2oline (0.1 14 g) 
which was used without further purification. 

Exampift 1 1 

5 A mixture of 6-bromo-4-(3-chloro-4-fluoroanilino)quinazoline (0.5 gX 2-pyridyl-tri- 

n-butyltin (J. Hct. Chcm,, 1990, 2165; 0.8 g), tetrakis(triphenylphosphine)palladiuin(0) 
(0.05 g) and THF (20 ml) was stirred and heated to 60**C for 4 days. The mixture was 
evaporated and the residue was purified by colunm chromatography using initially methylene 
chloride and then increasingly polar mixtures of methylene chloride and methanol as eluent. 

10 There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(2-pyridyl)quinazoIine (0.1 1 g); 
NMR Spcgtn^m: 7.45 (m, IH), 7.47 (t, IH), 7.88 (m, IH), 7.9 (d, IH), 8.03 (m, IH). 8.18 
(d, IH), 8.22 (d, IH), 8.63 (m, IH), 8.66 (s, IH), 8.75 (m, IH), 9.19 (d, IH); 
Elemental Analv^i^- Found C, 61 .5; H, 3.6; N, 14.9; 
C,9H,2C1FN4 l.lHjO requires C, 61.6; H. 3.8; N, 15.1%. 

15 

Exampk 12 

Diethyl-3-pyridylborane (0.176 g) was added to a mixture of 6-bromo-4-(3-chIoro-4- 
fluoroanilino)quinazoline (0.53 g)» powdered potassium hydroxide (0.202 g), tetra-a- 
butylammonium bromide (0.042 g), tetrakis(triphenylphosphine)palladium(0) (0.069 g) and 

20 THF (10 ml). The resultant mixture was stirred and heated to reflux for 16 hours. The 
mixture was evaporated and the residue was purified by colunm chromatography using 
initially methylene chloride and then increasingly polar mixtures of methylene chloride and 
methanol as eluent. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(3- 
pyridyI)quinazoline (0. 1 25 g); 

25 NMR Specmim: 7.5 (t, IH), 7.6 (m, IH), 7.88 (m, IH), 7.93 (d, IH), 8.2 (m, IH), 8.28 
(m, IH). 8.3 (m, IH), 8.68 (m, 2H), 8.91 (d, IH), 9.16 (d, IH), 10.02 (broad s, IH); 
Elemental Analysis;: Found C, 64.3; H, 3.3; N, 15.6; 
C,9H,2C1FN4 O.25H2O requires C, 64.2; H, 3.5; N, 15.8%. 



30 
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Example U 

A mixture of 6-amino-4-(3-chloro-4-fluoroanilino)quinazoline (0.576 g), 
4-chloroquiiiazolme hydrochloride salt (0.83 g) and isopropanol (10 ml) was stirred and 
heated to reflux for S hours. The hot reaction mixture was filtered and the filtrate was allowed 
5 to cool to ambient temperature. The resultant solid was isolated, washed with isopropanol and 
with diethyl ether and dried. There was thus obtained 4-(3-chloro-4-fluoroaniIino)-6-(4- 
quinazoline dihydrochloride salt (0.86 g); 

NMR Spectrum : 7.54 (t, IH), 7.8 (m, IH), 7.92 (t, IH), 8.0-8.2 (m, 4H), 8.38 (m, IH), 8.97 
(s, IH), 8.98 (s, IH), 9.06 (d, IH), 9.28 (d, IH), 1 1 .75 (broad s, IH), 12.26 (broad s, IH); 

10 Elgmgntal Analysis: Found C, 53.4; H, 3.4; N, 16.9; 

CjjHuClFNfi 2HC1 O.33H2O requires C, 53.2; H, 3.4; N, 16.9%. 

The 6-amino-4-(3-chloro-4-fluoroanilino)quinazoline used as a starting material was 
obtained as follows:- 

3-Chloro-4-fluoroamline (3.6 g) was added to a stirred mixture of 4-chloro-6- 

15 nitroquinazoline (European Patent Application No. 0566226, Example 8 thereof; 5 g); THF 
(10 ml) and DMF (10 ml). The resultant mixture was stirred at ambient temperature for 5 
hours. The precipitate was isolated and partitioned between water and a 9: 1 mixture of 
methylene chloride and methanol. The aqueous phase was neutralised by the addition of a 
saturated aqueous sodium bicarbonate solution and re-extracted with methylene chloride. The 

20 organic phases were combined and evaporated. The residue was triturated under a 9: 1 
mixture of ethanol and water. The resultant solid was isolated and dried. There was thus 
obtained 4-(3-chlora4-fluoroanilino)-6-nitroquinazoline (2.5 g). 

A mixture of a portion (2.3 g) of the material so obtained, 10% palladium-on-carbon 
catalyst (0.4 g), ethanol (25 ml) and DMF (25 ml) was stirred under an atmosphere of 

25 hydrogen for 2 hours. The mixture was filtered and the filtrate was evaporated. The residue 
was triturated under a 4: 1 mixture of ethanol and water. The resultant solid was isolated and 
dried. There was thus obtained 6-amino-4-(3<hloro-4-fluoroanilino)quinazoline (0.35 g, 
17%); 

HMR Sp^trom: 5.6 (broad s, 2H), 7.27 (m, IH), 7.32 (s, IH), 7.41 (t, IH), 7.55 (d, IH), 7.8 
30 (m, IH), 8.19 (m, IH), 8.38 (s, IH), 9,53 (broad s, IH); 
Elemental Analysis: Found C, 58.1; H, 3.6; N, 19.0; 
C,4H,oClFN4 requires C, 58.2; H, 3.5; N, 19.4%. 
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EMmplfe14 

A mixture of 6-ainino-4-(3-methylanilino)qmnazoline (European Patent Application 
No. 0566226, Example 8 thereof; 0.2 g), 2-fluoroimida2Dle 4-toluenesulphonic acid salt (0.2 
g), 4-tolucnesulphonic acid (0.26 g) and DMF (1 ml) was stined and heated to 100**C for 16 

5 hours. The mixture was cooled to ambient temperature and partitioned between methylene 
chloride and a saturated aqueous sodium bicarbonate solution. The organic phase was dried 
(MgS04) and evaporated and the residue was purified by colunrn chromatography using a 9: 1 
mixture of methylene chloride and methanol as eluent. There was thus obtained 6-(2- 
imidazolylamino)-4-(3-methylanilino)quinazoIine (0.09 g), m.p. 256-25 S^'C; 

10 NMR SpgCtrom: 2.33 (s, 3H), 6.77 (d, 2H). 6.95 (d, IH), 7.24 (t, IH), 7.6 (m, 3H), 7.85 
(m, IH), 8.11 (m, IH), 8.39 (s, 1H),8.94 (s, 1H),9.4 (s, IH), 11.0 (s, IH); 
Elemental Analv«;i<;' Found C, 68.1; H, 5.3; N, 26.4; 
CigHieN^ requires C, 68.3; H, 5.1; R 26.6%. 

The 2-fluoroimida2ole 4-toluenesulphonic acid salt used as a starting material was 

1 5 obtained from 2-aminoimidazole using analogous procedures to those described in J. Het. 
ChfiHL, 1978, 1227 and J. Amsr, Chgm. SWn 1973, 4619. 

l-Methylimidazole-4-suiphonyl chloride (0.181 g) was added to a stirred mixture of 
20 6-amino-4-(3-methylanilino)quina2oline (0.25 g) and pyridine (10 ml) and the mixture was 
stirred at ambient temperature for 16 hours. The mixture was evaporated and the residual oily 
solid was washed with methylene chloride and with a saturated aqueous sodium bicarbonate 
solution. The solid was then washed with water and with acetone and dried. There was thus 
obtained 4-(3-methylanilino)-6-(l-methyiimidazole-4-sulphonamido)quinazoline (0.07 g), 
25 m.p.>250'*C; 

NMR Spcctnim: (CD3SOCD3 + CD3CO2D) 2.37 (s, 3H), 3.64 (s, 3H), 6.98 (d, IH), 7.27 
(t, IH), 7.5-7.8 (m, 6H), 8.2 (d, IH), 8.48 (s, IH); 
Elemental Analvsk: Found C, 54.7; H, 4.4; N, 19.7; 
C,9H,8N602S I.2H2O requires C, 54.8; H, 4.9; N, 20.2%. 

30 
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Example 16 

Sodium cyanoborohydride (0.126 g) was added portionwise to a stirred mixture of 
6-amino-4.(3-methylanilino)quina2oline (025 g), 3-thiophenecarbaldehyde (0.26 ml), glacial 
acetic acid (0. 1 14 ml) and ethanol (20 ml). The resultant mixture was stiired at ambient 
5 temperature for 16 hours. The mixture was basified by the addition of a saturated aqueous 
sodium bicarbonate solution and evaporated. The residue was washed with water and dried. 
There was thus obtained 4-(3-methylanilino)-6-(3-thienylmethylamino)quinazoline (0.335 g), 
m.p. 207-208*»C; 

NMR Spectrum: 2.3 (s, 3H), 4.45 (d, 2H), 6.52 (d, IH), 6.9 (t, IH), 7.2 (m, IH), 7.3 (m, 3H), 
10 7.5 (m, 3H). 7.65 (m, 2H), 8.3 (s, IH), 9.2 (broad s, IH); 
Elemental Analysis: Found C, 68.6; H, 5.2; N, 15.3; 
C2oH,8N4S O.3H2O requires C, 68.3; H, 5.3; N, 15.9%. 

Example 17 

J 5 Sodium cyanoborohydride (0.126 g) was added portionwise to a stirred mixture of 

6-amino-4-(3-methylanilino)quinazoline (0.25 g), 2-imida2olecarbaldehyde (0.192 g), glacial 
acetic acid (0.1 14 ml) and ethanol (20 ml). The resultant mixture was stirred at ambient 
temperature for 3 hours. The mixture was basified by the addition of a saturated aqueous 
sodium bicarbonate solution and evaporated. The residue was washed with water and dried. 

20 There was thus obtained 6-(2-imida2olylmethylamino)-4-(3-methylanilino)quinazoline (0.096 
g), m.p. 235-237^C; 

NMR Spectrum: (CD3SOCD3 + CD3CO2D, lOO^C) 2.3 (s, 3H),4.45 (d, 2H), 6.5 (t, IH), 
6.9 (d, IH). 7.1 (s. 2H), 7.3 (m, 3H), 7.5 (d, IH), 7.65 (m, 2H), 8.3 (s, IH), 9.2 (s, IH), 
12.0 (s,lH); 

25 Elemental Analv5giRT Found C, 67.4; H, 5.3; N, 24.8; 
C19H18N6 O.5H2O requires C, 67.3; H, 5.6; N, 24.8%. 

Example 1» 

2-Thiophenecarbonyi chloride (0.6 g) was added portionwise to a stirred solution of 
30 6-amino-4-(3-chloro-4-fluoroanilino)quina2oIine (1 .04 g) in DMA (10 ml). The mixture was 
stirred at ambient temperature for 30 minutes. Methylene chloride (25 ml) was added and the 
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precipitate was isolated and dried. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6- 
{thiophene-2-carboxamido)quinazoline hydrochloride salt (1.35 g), m.p. >250'*C; 
NMR Spficmim: 7.27 (m, IH), 7.54 (t, IH), 7.7 (m, IH), 7.9 (m, IH), 8.0 (m, 2HX 8.28 
(m, 2H), 8.9 (s, IH), 9.2 (d, IH), 10.99 (s, IH), 1 1.5 (broad s, IH); 
5 Elemental Analvsic;- Found C, 52.1; H, 3.3; N, 12.9; 
C,9H,2C1FN40S IHCl 0.15DMA requires C, 52.5; H, 3.2; N, 13.0%. 

Exampk 19 

Lithium aluminium hydride (IM in diethyl ether, 7.1 ml) was added drop wise to a 
1 0 stirred mixture of 4-(3-chloro-4-fluoroanilino)-6-(thiophene-2-carboxamido)quina2oline 
hydrochloride salt ( 1 g) and THF (200 ml). The mixture was stirred at ambient temperature 
for 2 hours and then heated to 45**C for 1 hour. The mixture was cooled to ambient 
temperature and glacial acetic acid (5 ml) was added to destroy the excess of reducing agent. 
The mixture was evaporated and the residue was partitioned between methylene chloride and 
15 a 5M aqueous sodium hydroxide solution. The organic phase was washed with brine, dried 
and evaporated. The residue was ptirified by column chromatography using a 99:1 mixture of 
methylene chloride and methanol as eluent. The product so obtained as triturated imder 
diethyl ether. There was thus obtained 4-{3-chloro-4-fluoroanilino)-6-(2- 
thienylmethylamino)quinazoline (0.095 g), m.p. 193-195X; 
20 NMR Spcctnim: 4.65 (d, 2H), 6.75 (t, IH). 7.0 (m, IH), 7.4 (m, 4H), 7.55 (d, IH), 7.8 
(m, IH), 8.15 (m. IH), 8.4 (s, IH), 9.4 (broad s, IH); 
Elgmcntal Analysis: Found C, 59.3; H, 3.8; N, 14.0; 
C,9H,4C1FN4S O.lEtjO requires C, 59.4; H, 3.85; N, 14.3%. 

25 Example 20 

2-Furoyl chloride (0.287 g) was added portionwise to a stirred solution of 6-amino- 
4-(3-chloro-4-fluoroanilino)quinazoline (0.577 g) in DMA (3 ml) and the resultant mixture 
was stirred at ambient temperature for 1 8 hours. The mixture was evaporated and the residue 
was purified by coiunm chromatography using increasingly polar mixtures of methylene 
30 chloride and methanol as eluent. There was thus obtained 4-(3-chloro-4-fluoroanilino)- 
6-(furan-2-carboxamido)quinazoline (0.436 g); 

NMR Spgctrtim: 6.75 (m, IH), 7.56 (m, 2H), 7.69 (m. IH), 8,0 (m, 3H), 8.27 (m, IH), 8.91 
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(s, IH), 9.13 (d, IH), 10.85 (broad s, IH), 1 1.5 (broad s, IH); 
Elcmmtal Analysis: Found C. 54.3; H, 3.1; N, 13.3; 
C,9H,2C1FN402 requires C, 54.3; H, 3.1; N, 13.4%. 

5 Exampte 21 

Using an analogous procedure to that described in Example 19, 4"(3-chloro-4- 
£luoroanilino)-6-(fiiran-2-carboxamido)quinazoline was reduced to give 4-(3-chloro-4- 
fluoroanilino)-6*(2'furiurylamino)quinazoline in 16% yield, m.p. 197- 199*^0; 
NMR Spccttum: 4.45 (d, 2H); 6.4 (m, IH), 6.7 (m, IH), 7.3-7.6 (m, 5H), 7.8 (m, IH), 8.15 
10 (m, IH), 8.4 (s, IH), 9.5 (m, IH); 

Elemental Analysis: Found C, 59.8; H, 3.7; N, 14.5; 
C,9HmC1FN40 O.2CH2CI2 requires C, 59.8; H, 3.8; N, 14.5%. 

Exampk 22 

1 5 Using an analogous procedure to that described in Example 1 8, 6-amino-4-(3- 

chloro-4-fluoroanilino)quinazotine was reacted with 5-isoxazolecarbonyl chloride to give 4- 
(3-chloro-4-fluoroaniIino)*6-(isoxazole-5-carboxamido)qutnazoline hydrochloride salt in 87% 
yield, m.p. >250^C; 

NMR Spgctrum: 7.4 (d, IH), 7.5 (t, IH), 7.65 (m, 2H), 8.0 (m, 2H), 8.85 (d, IH), 8.9 (s, IH), 
20 11.4(3, IH); 

Elemental Analv5;i^' Found C, 50.8; H, 3.3; N, 16.3; 

CjgHnClFNsOi IHCl O.4H2O 0.24DMA requires C, 50.8; H, 3.4; N, 16.4%. 

Example 23 

25 NJi'*Dicyclohexylcarbodiimide (0.41 6 g) was added portionwise to a stirred 

mixture of l,2,3-triazole-4-carboxylic acid (0.226 g) and DMA (10 ml). The resultant mixture 
was stirred at ambient temperature for 2 hours. A solution of 6-amino-4-(3-chloro-4- 
fluoroanilino)quinazoline (0.576 g) in DMA (5 ml) was added and the mixture was stirred at 
ambient temperatxire for 16 hours. The mixture was evaporated and the residue was purified 

30 by column chromatography using a 9:1:0.2 mixture of methylene chloride: methanol: 
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triethylamine as eluent. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(l^,3- 
triazole-4-carboxamido)quinazoline (0.145 g); 

^Ml Spgctrnm: 7.43 (m, IH). 7.82 (d. IH), 7.95 (m, IH), 8.18 (m, 2H), 8.43 (s, IH), 8.58 
(s, IH), 8.88 (d, IH), 9.89 (s, IH), 10.55 (s, IH); 
5 Elemental Analysis: Found C, 55.6; H, 5.8; N, 21 .4; 
CpHnClFNTO O.SHjO l.lEtaN requires C, 55.6; H, 5.7; N, 22.3%. 



Example 24 

3-Pyridinecarbonyl chloride hydrochloride salt (0.107 g) was added portionwise to a 

10 stirred mixture of 6-aniino-4-(3-chloro-4-fluoroamlino)-7-niethylaminoquinazoline (European 

Patent Application No. 0635507, within Example 3 thereof; 0.1 1 g), triethylamine (0.101 g) 

and DMA (1 ml). The mixture was heated to 100°C for 3 hours. The mixture was evaporated 

and the residue was purified by column chromatography using a CI 8 reversed-phase silica 

column and decreasingly polar mixtures of water and methanol (containing 0.2% 

15 trifluoroacetic acid) as eluent. The material so obtained was suspended in water and basified 

by the addition of an aqueous anunonium hydroxide solution. The resultant mixture was 

stirred at ambient temperature for 2 hours. The solid was isolated, washed with water and 

I 

dried. There was thus obtained 4-(3-chloro-4-fluoroanilino)-7-methylamino-6-(pyridine-3- 
carboxamido)quinazoline (0.061 g), m.p. >260*C; 
20 NMR Snectnim- 2.83 (d, 3H), 6.41 (m, IH), 6.7 (s, IH), 7.38 (m, IH), 7.6 (m, IH), 7.84 
(m, IH), 8.19 (m, IH), 8.29 (s, IH), 8.42 (m, IH), 8.48 (s, IH), 8.79 (m, IH), 9.24 (d, IH), 
9.5 (s, IH); 

Elemental Analysis! Found C, 55.1; H, 4.0; N, 18.4; 
CjjHifiClFNeO 2H2O requires C, 54.9; H, 4.4; N, 18.3%. 

25 

Example 2 fi 

A mixture of 4-(3-chloro-4-fIuoroanilino)-6-hydroxyquinazoline (0.87 g), 
4-fluorobenzonitrile (0.423 g), potassium carbonate (0.828 g) and DMA (5 ml) was stirred 
and heated to 1 20*^0 for 4 hours. The mixture was cooled to ambient temperature and 
30 partitioned between ethyl acetate and water. The organic phase was dried (MgSO^) and 
evaporated. The residue was triturated under a mixture of methylene chloride and methanol. 
There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(4-cyanophenoxy)quinazoline 
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(0.54 b); 

NMR Spectmm ; 7.21 (d, 2H), 7.43 (t. IH), 7.72 (m, IH), 7.82 (m, IH), 7.88 (d, 2H), 7.93 

(d, IH), 8.18 (m, IH), 8.39 (d, IH), 8.68 (s, IH); 

Elemental Analysis: Found C, 63.9; H, 3.0; N, 14.1; 
5 C2,H,2C1FN40 O.2H2O requires C, 64.0; H, 3.2; N, 14.2%. 

The 4*(3-chloro-4-fluoroanilino)-6-hydroxyquinazoline used as a starting material 

was obtained as follows:* 

A mixture of 6-acetoxy-4-chloroquinazoline (European Patent Application No. 

0566226, Example 34, Note c; 54 g), 3-chloro-4-fluoroaniIine (35.6 g) and isopropanol (850 
1 0 ml) was stirred and heated to reflux for 90 minutes and then stored at ambient temperature for 

16 hours. The precipitate was isolated and washed in turn with isopropanol and diethyl ether. 

There was thus obtained 6-acetoxy-4-(3-chloro-4-fluoroanilino)quinazoline (43.7 g, 49%). 

A concentrated aqueous ammoniiun hydroxide solution (30% weight/volume, 35 ml) * 

was added to a stirred mixture of 6-acetoxy-4-(3-chloro-4-fluoroanilino)quina2oline (22 g) 
1 5 and methanol (200 ml) and the mixture was heated to reflux for 3 hours. The mixture was 

evaporated and water (300 ml) was added to the residue. The solid was isolated, washed in 

tum with water (100 ml) and ethanol (60 ml) and dried. There was thus obtained 4-(3*chloro- 

4-fluoroanilino)'-6-hydroxyquinazoIine(16.1 g, 93%); 

NMR Spectnm: 7.43 (t, IH), 7.45 (m, IH), 7.70 (d, IH), 7.78 (d, IH), 7.88 (m, IH), 8.24 
20 (m, IH), 8.5 (s, IH), 9.6 (broad s, IH), 10.1 (broad s, IH). 

EMmpte26 

A mixture of 4-<3-chloro-4-fluoroanilino)-6-hydroxyquinazoUne (5 g), 

4-fluoronitiobenzene (2.67 g), potassium carbonate (4.74 g) and DMA (50 ml) was stirred and 
25 heated to 70°C for 10 minutes. The mixture was cooled to ambient temperature and then 

added dropwise to a stirred slurry of ice and water. The resultant precipitate was isolated, 

washed in tum with water, with a small volume of methanol and with diethyl ether and dried. 

There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(4-nitn>phenoxy)quina2oline (6.8 g); 

NMR Spectrum: 7.27 (d, 2H), 7.43 (t, IH), 7.75 (m, IH), 7.8 (m, IH), 7.97 (d, IH), 8.18 
30 (m, IH), 8.29 (d, 2H), 8.42 (d, IH), 8.69 (s, IH); 

Elemental AnalvR^^- Found C, 58.1 ; H, 2.8; N, 13.4; 

C20H12CIFN4O3 requires C. 58.5; H, 2.9; N, 13.6%. 
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Exmnpl€2? 

A mixture of 4-(3-cMoro-4-fluoroanilino)-6-(4-nitrophenoxy)quinazoline (6 g), 10% 
palladiiun-on-carbon catalyst (0.6 g) and DMA (250 ml) was stirred and heated to 60**C under 
an atmosphere of hydrogen for 2 hours. The mixture was filtered and the filtrate was 
5 evaporated. The residue was purified by column chromatography using initially methylene 
chloride and then increasingly polar mixtures of methylene chloride and methanol as eluent. 
The product so obtained was triturated under methanol. There was thus obtained 6-(4- 
aminophenoxy)-4-(3-chloro-4-fluoroanilino)quina2oline (2.3 g); 

NMR SpCCtnim: 5.0 (broad s, 2H), 6.63 (d, 2H), 6.84 (d, 2H), 7.42 (t, IH), 7.45 (m, IH), 7.78 
10 (d, IHX 7.85 (m, IH), 8.08 (d, IH), 8.17 (m, IH), 8.57 (s, IH), 9.75 (s, IH); 
Elemental Analv5;i5;: Found C, 62.7; H, 3.8; N, 14.7; 
C20HMCIFN4O requires C, 63.1; H, 3.7; N, 14.7%. 

Example IR 

1 5 lert-Butyl nitrite (0.243 g) was added to a stirred solution of 6-(4-aminophenoxy)-4- 

(3-chloro-4-fluoroanilino)quinazoline (0.45 g) in DMF (25 ml) and the mixture was heated to 
90^C for 3 hours. The mixture was cooled to ambient temperature and acidified by the 
addition of glacial acetic acid. The mixture was evaporated and the residue was purified by 
column chromatography using increasingly polar mixtures of methylene chloride and 

20 methanol as eluent. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6- 
phenoxyquinazoline (0.207 g); 

NMR Spectnim> 7.0-7.3 (m, 5H), 7.32 (d, IH), 7.35-7.6 (m, 3H), 7.9 (m, IH). 7.93 (d. IH), 
8.73 (s, IH); 

Elemental Analysi!^' Found 62.6; H, 3.9; N, 1 1.5; 
25 CaoHiaCIFNjO IH2O requires C, 62.6; H, 3.9; N, 11. 5%. 

4-(3-Chloro-4-fluoroanilino)-6-(4-cyanophenoxy)quinazoline (2.7 g) was added 
portionwise to a stirred mixture of lithium aluminium hydride (IM in THF, 10 ml) and diethyl 
30 ether (50 ml). The resultant mixture was stirred at ambient temperature for 1 hour. Glacial 
acetic acid was added dropwise to destroy the excess of reducing agent. The mixture was 
partitioned between ethyl acetate and a dilute aqueous ammonium hydroxide solution. The 
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organic phase was dried (MgS04) and evaporated. The residue was purified by column 
chromatography using increasingly polar mixtures of methylene chloride and methanol as 
eluent There was thus obtained 6-(4-aminomethylphenoxy)-4-(3-chloTo-4-fluoroanilino)* 
quinazoline(1.8 g); 

5 NMR Specmimr 3.23 (s, 2H), 3,8 (bioad s, 2H), 7.18 (d, 2H), 7.43 (d, 2H), 7.47 (t, IH), 7.6 
(m, IH), 7.86 (m, IH), 7.9 (d, IH), 8.22 (m, IH), 8.31 (d, IH), 8.65 (s, IH); 
Elemental Analysis: Found 61.0; H, 4.4; N, 13.3; 
C2,H,6C1FN40 IH2O requires Q 61.1; H, 4.4; N, 13.6%. 

10 EMmpteaO 

Di-(2-bromoethyt)ether (0.28 g) was added to a stirred mixture of 6-(4- 
aminomethylphenoxy)-4-(3-chloro-4-fluoroanilino)quinazoUne (0.5 g), potassium carbonate 
(0.33 g) and DMA (5 ml). The resultant mixture was stirred and heated to lO^'C for 30 
minutes. The mixture was evaporated and the residue was purified by column 
15 chromatography using increasingly polar mixtures of methylene chloride and methanol as 
eluent. There was thus obtained 4-(3-chloro-4-fluoroanilino)-6-(4- 
morpholinomethylphenoxy)quinazoline (0.192 g); 

NMR Spectrum: 2.37 (broad s, 4H), 3.49 (s, 2H), 3.62 (broad s, 4H), 7.02 (d. 2H). 7.34 
(d, 2HX 7.41 (t. IH). 7.58 (m, IH), 7.82 (m, 2H\ 8.2 (m, 2H), 8.62 (s, IH), 9.79 (broad s, 
20 IH); 

Elemental Analysis: Found C, 63.4; H, 5.0; N, 12.0; 
C25H22CIFN4O2 O.5H2O requires C, 63.4; H, 4.9; N, 1 1.8%. 

Example 31 

25 A mixture of 6-bromomethyl-4-(3-methylanilino)quinazoline (European Patent 

Application No. 0566226, Example 35 thereof; 0.3 g), imidazole (0.264 g) and ethanol (4 ml) 
was stirred at ambient temperature for 4 hours. The mixture was evaporated and the residue 
was purified on a CI 8 reversed-phase silica column using decreasingly polar mixtures of 
water and methanol, each containing 0.2% trifluoroacetic acid, as eluent. There was thus 

30 obtained 6-(l-imida2olylmethyl>4-(3-methylanilino)quinazoline (0.27 g), m.p. ISl-lSS^'C; 
NMR Spggtrum: 2.37 (s, 3H), 5.66 (s, 2H), 7.07 (d, IH), 7.36 (t IH), 7.53 (s, IH), 7.58 
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(d, IH), 7.74 (m, IH). 7.8 (d, IH), 7.88 (d, IH), 7.97 (m. IH), 8.69 (s, IH), 8.79 (s, IH), 9.26 

(s,lH), 10.78 (broad s,lH); 

Elementei AnalvsisT Found Q 49.1; H, 3.8; N, 12.2; 

Ci9H|7N5 2CF3CO2H IH2O requires C, 49.2; H, 3.7; N, 12.5%. 

5 

Example 32 

A mixture of 4-(3-chloro-4-fluoroanilino)-6-hydroxy-7-methoxyquina2olinc (0.5 g), 
2-chloromethylpyridine hydrochloride salt (0.282 g), potassium carbonate (1.5 g) and DMF 
(15 ml) was stirred and heated to 80**C for 2 hours. The mixture was cooled to ambient 
10 temperature and poured into water. The precipitate was isolated and recrystallised from 
methanol. There was thus obtained 4-(3-chloro-4-fluoroanilino)-7-methoxy-6-<2- 
pyridylmethoxy)quina2oline (0.37 g); 

NMR Spectrum! 3.98 (s, 3H), 5.35 (s, 2H), 7.26 (s, IH), 7.4 (m, 2H), 7.64 (m, IH), 7.8 
(m, IH), 7.9 (m, IH), 8.01 (s, IH), 8.15 (m, IH), 8.51 (s, IH), 8.62 (m, IH), 9.56 (s, IH); 
15 Elemental Analv^i^- Fonnri C f>\ }- H d O- N n S> 

C2|H,6C1FN402 requires C. 61.4; H. 3.9; N, 13.6%. 

The 4-(3*chloro-4-fluoroanilino)-6-hydroxy-7-methoxyquinazoline used as a starting 
material was obtained as follows:- 

6,7-Dimethoxy-3.4-dihydroquinazoHn^-one (European Patent Application No. 
20 0566226, Example 1 thereof; 26.5 g) was added portionwise to stirred methanesulphonic acid 
(1 75 ml). L-Methionine (22 g) was added and the resultant mixture was stirred and heated to 
reflux for 5 hours. The mixture was cooled to ambient temperature and poured onto a mixture 
(750 ml) of ice and water. The mixture was neutralised by the addition of a concentrated 
(40%) aqueous sodiimi hydroxide solution. The precipitate was isolated, washed with water 
25 and dried. There was thus obtained 6-hydroxy-7-methoxy-3,4-dihydroquina2oUn-4-one 
(11.5 g). 

After repetition of the previous reaction, a mixture of 6-hydroxy-7-methoxy-3,4- 
dihydroquinazolin-4-one (14.18 g), acetic anhydride (110 ml) and pyridine (14 ml) was stirred 
and heated to 1 OO^'C for 2 hours. The mixture was poured onto a mixture (200 ml) of ice and 
30 water. The precipitate was isolated, washed with water and dried. There was thus obtained 
6-acetoxy-7-methoxy-3,4-dihydroquinazolin-4-one (13 g, 75%); 
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NMRSpgflrwn: 2.3 (s, 3H), 3.8 (s. 3H), 7.3 (s, IH). 7.8 (s, IH), 8.1 (s, IH), 12.2 (broad s. 
IH). 

After repetition of the previous steps, a mixture of 6-acetoxy-7-methoxy-3,4- 
dihydroquinazoliii-4-one (15 g), thtonyl chloride (215 ml) and DMF (4.3 ml) was stirred and 

5 heated to 90^C for 4 hours. The mixture was cooled to ambient temperature and the thionyl 
chloride was evaporated. There was thus obtained 6-acetoxy-4<:hloro-7- 
methoxyquinazoline hydrochloride salt vAach was used without further purification. 

A mixture of the material so obtained, 3-chloro-4-fluoroamline (9.33 g) and 
isopropanol (420 mi) was stirred and heated to 90*'C for 5 hours. The mixture was cooled to 

10 ambient temperature and the precipitate was isolated, washed in turn with isopropanol and 
methanol and then dried. There was thus obtained 6-acetoxy-4-(3.chloro-4-fluoroanilino)- 
7-methoxyquinazoline hydrochloride salt (14 g, 56%); 

NMR Spectnim: 2.4 (s, 3H), 4.0 (s, 3H), 7.5 (t, IH), 7.6 (s, IH), 7.75 (m, IH), 8.05 (m, IH), 
8.8 (s, IH), 8.95 (s, IH), 1 1.5 (broad s, IH). 

15 A concentrated aqueous ammonium hydroxide solution (30% weight/volume, 7.25 

ml) was added to a stirred mixture of the material so obtained and methanol (520 ml). The 
mixture was stirred at ambient temperature for 17 hours and then heated to 1 OO^C for 1 .5 
hours. The mixture was cooled and the precipitate was isolated and dried. There was thus 
obtained 4-(3-chloro-4-fluoroanilino)-6-hydroxy-7-methoxyquinazoline (10.62 g, 95%), 

20 m.p. >270''C (decomposes); 

NMR Spectrum: 4.0 (s, 3H), 7.2 (s, IH), 7.4 (t, IH), 7.8 (s, IH), 7.85 (m, IH), 8.2 (m, IH), 
8.5 (s. IH), 9.45 (s, IH), 9.65 (s, IH). 

Example .^^ 

25 Using an analogous procedure to that described in Example 32, 4-(3-chloro-4- 

fluoroanilino)-6-hydroxy-7-methoxyquinazoIine was reacted with 3-chloromethylpyridine, 
hydrochloride salt to give 4-(3-chloro-4*fluoToanilino)-7-methoxy-6-(3-pyridylmethoxy)- 
quinazoline in 18% yield; 

NMRSpectmm: 3.93 (s, 3H), 5.28 (s, 2H), 7.16 (s, IH), 7.4 (m, 2H), 7.75 (m, IH), 7.95 
30 (m, IH), 8.1 (m, 2H), 8.4 (s, IH), 8.6 (m, IH), 8.75 (m, IH): 
Elemental Analysis : Found C, 61.0; H, 3.9; N, 13.5; 
C2,H,6C1FN402 requires C, 61.4; H, 3.9; N, 13.6%. 
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Exiimplft ^4 

A mixture of 6-bromomethy]-4-(3-methyianilino)quinazoline (0.3 g), 4-inercapio- 

1 ,2,3-triazole disodium salt (0.535 g) and DMF (3 ml) was stirred at ambient temperature for 

3 hours. The mixture was evaporated and the residue was purilSed by column 
5 chromatography using a CI 8 reversed-phase silica column and a 1 : 1 mixture of methanol and 

water, each containing 0.2% trifluoroacetic acid, as eluent. There was thus obtained 4-(3. 

methyIanilino)-6-(l^,3-triazoM-ylthiomethyl)quinazolinc (0.22 g), m.p. 64-68°C; 

NMR SpgCtrwn: 2.38 (s, 3H), 4.36 (s, 2HX 7.15 (d, IH), 7.38 (t, IH), 7,49 (m, 2H), 7.83 

(s, IH), 8.0 (m, IH), 8.58 (d, IH), 8.87 (s, IH), 1 1.2 (broad s, IH); 
10 Ekmcmal Analysis: Found C, 47.5; H, 3.4; N, 16.0; 

CuHifiN^S I.6CF3CO2H O.25H2O requires C, 47.6; H, 3.4; N, 15.7%. 

EMinpk35 

Using an analogous procedure to that described in Example 34, 6-bromomethyl-4- 
15 (3-methylanilino)quina2oline was reacted with 2-mercapto-l-methylimidazole sodium salt 
[prepared by the reaction of 2-mercapto-l-methylimidazole and sodium ethoxide in ethanol) 
to give 4*(3-methylanilino)-6-(H-inethylimidazol-2-ylthiomethyl)quinazoline in 65% yield, 
m.p. 137-139"C; 

NMR f?pcctnim: 2.42 (s, 3H\ 3.6 (s, 3H), 4.48 (s, 2HX 6.97 (d, IH), 7.13 (d, IH), 7.39 
20 (t, IH), 7.55 (m, 2H), 7.6 (d, IH), 7.83 (d, IH), 7.93 (m, IH), 8.5 (s, IH), 8.83 (s, IH), 10.9 
(broads, IH); 

Elemental AnfllvRi«;> Found C, 48.3; H, 3.6; N, 1 1.6; 

C2oH,9N5S 2CF3CO2H O.5H2O requires C, 48. 1 ; H, 3.5; N, 1 1 .7%. 

25 Exftmpte36 

A mixture of 6-bromomelhyl-4-(3-methylanilino)quinazoline (1 .6 g), 
2-mercaptoimidazole (0.31 6 g) and DMF (20 ml) was stirred and heated at 60*^C for 6 hours. 
The mixture was cooled to ambient temperature and evaporated. The residue was purified by 
column chromatography using increasingly polar mixtures of methylene chloride and 
30 methanol as eluent. There was thus obtained 6-(2-imidazolylthiomethyl>4-(3-methyianilino)- 
quinazoline (0.43 g), m.p. 217-219°C; 

NMR Sneetnim: 2.33 (s, 3H). 4.45 (s, 2H), 6.97 (d, IH). 7.12 (s, 2H), 7.29 (m, IH), 7.64 
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(m. 2H), 7.72 (m, 2H), 8.47 (s, IH), 8.57 (s, IH); 
Elemental Analysis: Found 65.8; H, 4.6; 19.9; 
C|9H,7N5S requires C, 65.7; H, 4.9; N, 20.2%. 

5 Emmplc 37 

Using an analogous procedure to that described in Example 34, 6-bromomethyl-4- 
(3-methylanilino)quinazoline was reacted with 2-mercaptobenzimidazole sodium salt to give 
6-(2-benzimidazolylthiomethyl)-4-(3-methylanilino)quinazoline in 59% yield, ni.p. 
123-129°C; 

10 NMR Snectnim> 2.34 (s, 3H), 4.77 (s, 2H), 6.96 (d, IH), 7.13 (m, 2H), 7.28 (t, IH), 7.46 
(broad s, 2H), 7.68 (m, 3H), 7.96 (m, IH), 8.57 (s, IH). 8.65 (d, IH), 9.79 (broad IH); 
Ekmemal Analysis: Found C, 64.9; H, 5.3; N, 15.9; 
C23H19N5S I.6H2O O.ICH3OH requires C, 64.5; H, 5.3; N, 16.3%. 

15 Example 38 

Using an analogous procedure to that described in Example 5, 6-bromo-4-[3- 
methyI-4-(2-pyridylmethoxy)anilino]quinazoline dihydrochloride salt was reacted with di- 
isopropyl 2-thienylboronate to give 4-[3-methyM-(2-pyridylmethoxy)anilinol-6-(2-thienyl)- 
quinazoiine in 70% yield, m-p. 205-206*^0; 

20 NMR Spectrum: 2.3 (s, 3H), 5.2 (s, 2H), 7.0 (d, IH), 7.2 (m, IH), 7.35 (m, IH), 7.5 (m, 3H), 
7.6 (m, IH), 7.7 (m, IH), 7.75 (d, IH), 7.85 (m, IH), 8.1 (m, IH), 8.48 (s, IH), 8.55 (m, IH), 
8.75 (d, IH), 9.8 (broad s, IH); 
Elemental AnalvsiR- Found C, 70.8; H, 4.7; N, 13.0; 
C25H20N4OS requires C, 70.7; H. 4.75, N, 13.2%. 

25 The 6-bromo-4-[3-methyI-4-(2-pyridylmethoxy)aniIino]quinazoline dihydrochloride 

salt used as a starting material was obtained as follows:- 

Sodium hydride (60% dispersion in mineral oil, 1.24 g) was added to a solution of 
2-pyridylmethanol (2.49 ml) in NMP (100 ml) and the mixture was stirred at ambient 
temperature for 1 5 minutes. 2-Fluoro-5-nitrotoluene (4 g) was added and the mixture was 

30 heated to 140**C for 2.5 hours. The mixture was cooled to ambient temperature, poured into 
water (300 ml) and stirred for 30 minutes. The precipitate was isolated, washed with water 
and dried. The material so obtained was purified by column chromatography using 
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increasingly polar mixtures of methylene chloride and methanol as eluent. There was thus 
obtained 5-nitro-2-tolyl 2-pyridyhnethyl ether (1.61 g, 26%); 

NMRSpcctnim: 2.32 (s, 3H), 5.35 (s, 2H), 7.21 (d, IH), 7.35 (m, IH), 7.55 (d, IH), 7.85 

(m, IH), 8.09 (m, IH), 8.1 (s, IH), 8.6 (m, IH). 
5 A mixture of 5-nitro-2-tolyl 2-pyridylmethyl ether (2 g), iron powder (1 g), 

concentrated hydrochloric acid (1 ml), water (2 ml) and ethanol (50 ml) was stirred and heated 

to reflux for 4 hours. The mixture was allowed to cool to ambient temperature, basified by the 

addition of 2M aqueous sodium hydroxide solution and extracted with methylene chloride. 

The organic phase was dried (MgS04) and evaporated. There was thus obtained 5-amino-2- 
10 tolyl 2-pyridyhnethyl ether in 97% yield; 

NMR Spectrum: 2.09 (s, 3H), 4.61 (s, 2H), 5.0 (s, 2H), 6.32 (ra, IH), 6.42 (d, IH), 6.67 

(d, IH), 7.31 (m, IH), 7.50 (d, IH), 7.81 (m, IH), 8.54 (m, IH). 

Using an analogous procedure to that described in the third paragraph of the portion 

of Example 1 which is concerned with the preparation of starting materials, except that the 
15 product was recrystallised from a mixture of methanol and ethanol, 6-bromo-4- 

chloroquinazoline was reacted with 5-amino-2-tolyl 2-pyridylmethyl ether to give 6-bromo-4- 

[3-methyl-4-(2-pyridylmethoxy)anilino)quinazoline dihydrochloride salt in 68% yield, m.p. 

232-234^C; 

NMR Spccmim: 2.3 (s, 3H), 5.35 (s, 2H), 7.13 (m, IH), 7.52 (m, 3H), 7.63 (d, IH), 7.9 
20 (d, IH), 8.08 (m, IH), 8.25 (m, IH), 8.7 (m, IH), 8.92 (s, IH), 9.17 (d, IH). 11.62 (d, IH); 
Elemental An^\vi,i^' Found C, 48.4; H, 4.2; N, 10.6; 
C2|HnBrN40 2HC1 I.5H2O requires C, 48.4; H, 4,25; N, 10.7%. 

Example 39 

25 Using an analogous procedure to that described in Example 5, 6-bromo^-[3- 

methyl-4-(2-pyridylmethoxy)anilino]quinazoHne dihydrochloride salt was reacted with di- 
isopropyl 3-furylboronate to give 6-(3-furyI)-4-[3-methyl-4-(2-pyridylmethoxy)anilino]- 
quinazoline in 55% yield, m.p. 206-208''C; 

NMR Spectrum: 2.32 (s, 3H), 5.22 (s, 2H), 7.05 (d, IH), 7.15 (d, IH), 7.36 (m, IH), 7.55 
30 (m, 3H), 7.75 (d, IH), 7.87 (m, 2H), 8.1 (m, 2H), 8.33 (d, IH), 8.48 (s, IH), 8.6 (m, IH), 8.69 
(d, 1H),9.62 (s, IH); 

Elemental Analvc;i.v Found C, 73.2; H, 4.9; N, 13.6; 
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C25H20N4O2 requires C, 73.5; H, 4.9; N, 13.7%. 

The di-isopropyi 3-furylboronate used as a starting material was obtained as 

foUows:- 

n-Butyllithium (1 .6M in hexane, 1 mi) was added dropwise to a stirred mixture of 
5 3-bromofuran (0.21 g), tri-isopropyl borate (0.4 ml) and THF (5 ml) whidi had been cooled to 
-78**C. The mixture was stirred and allowed to warm to ambient temperature. The mixture 
was evaporated to give the required starting material which was used without further 
purification. 

10 EMinpk40 

The following illustrate representative pharmaceutical dosage forms containing 
the compound of formula I, or a pharmaceutically-acceptable salt thereof (hereafter compound 
X), for therapeutic or prophylactic use in humans: 



15 (a) Tablet 1 mgZtahlet 

Compound X 100 

Lactose Ph.Eur 182.75 

Crpscarmellose sodium 12.0 

Maize starch paste (5% w/v paste) 2.25 

20 Magnesium stearate 3.0 

(b) lablfiLlI mgZliibkt 

Compound X 50 

Lactose Ph.Eur 223.75 

25 Croscarmellose sodium 6.0 

Maize starch 15.0 

Polyvinylpyrrolidone 2.25 

Magnesium stearate 3.0 



30 
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(c) laiMJU meOabkt 

Compound X 1.0 

Lactose PIlEut 93.25 

Croscannellose sodium 4.0 

5 Maize starch paste (5% w/v paste) 0,75 

Magnesium stearate 1 .0 



(d) Q^jmk mg/capsulc 

Compound X 10 

10 Lactose Ph. Eur 488.5 

Magnesium stearate 1 .5 



(e) inificiionJ (SilmgZml) 

Compound X 5.0% w/v 

15 1 M Sodium hydroxide solution 1 5.0% w/v 

O.IM Hydrochloric acid 
(to adjust pH to 7.6) 

Polyethylene glycol 400 4.5% w/v 

Water for injection to 100% 

20 

if) liugction II (IQmg/ml) 

Compound X 1 .0% w/v 

Sodium phosphate BP 3.6% w/v 

0. 1 M Sodium hydroxide solution 1 5.0% v/v 

25 Water for injection to 1 00% 



(g) IlUSCtion III (Img/mLbuffered to pH6^ 

Compound X 0.1% w/v 

Sodium phosphate BP 2.26% w/v 

30 Citric acid 0.38% w/v 

Polyethylene glycol 400 3.5% w/v 



Water for injection to 100% 
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Note 

The above fonnulations may be obtained by conventional procedures well 
knovm in the pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional 
5 means, for example to provide a coating of cellulose acetate phthalate. 



10 



15 



20 
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CLAIMS 

1 . A quinazoline dnivative of the fonnula I 

Q2 



NH 



5 




wherein X' is a direct link or a group of the fonnula CO, C(R\, CH(0R^), C(R^)2-C(R^)2, 

c(r')=C(r'). csc, ch(CN). o, s. so, SO2. N(R\ con(r\ sOjNcr^ n(r'x;o. 

N(R^)S02, OC(R'). sm\ N(R')C(R')j, C(^\o, C(R\s or C(R^)2N(R^), and each R^ is 

1 0 independently hydrogen or ( 1 -4C)alkyl; 

wherein Q' is phenyl, naphthyl or a 5- or 6-membered heteroaryl moiety containing up to 3 
heteroatoms selected from oxygen, nitrogen and sulphur, which heterocyclic moiety is a 
single ring or is fused to a benzo ring, and Q' optionally bears up to 3 substituents selected 
from halogeno, hydroxy, amino, trifluoromethoxy, trifluoromethyl, cyano, nitro, carboxy, 

15 carbamoyl, (l-4C)alkoxycarbonyl, (l-4C)alkyl, (l-4C)alkoxy, (2-4C)alkenyloxy, 
(2-4C)alkynyloxy, ( 1 -3C)alkylenedioxy, ( 1 -4C)alkylamino, di-[(l -4C)alkyl]amjno, 
pyrrolidin-l-yl, piperidino, morpholino, piperazin-l-yl, 4-(l-4C)alkylpiperazin-l-yl, 
(2-4C)alkanoyIamino, N-(l-4C)alkylcarbamoyl, NIl-di-[( 1 -4C)alkyi}carbamoyi, 
amino-(l-4C)alkyl,(l-4C)alkylamino-(l-4C)alkyl, di-[(l^C)alkyllamino-(l-4C)alkyl, 

20 pyirolidin-l-yHMOalkyl, piperidino-(l-4C)aIkyi, morpholino-(l-4C)alkyl, 

piperazin-l-yK1.4C)alkyl,4-(l-4C)alkylpipcra2in-l-yl-(l-4C)alkyI,halogeno-{2-4C)alkoxy, 
hydroxy-(2-4C)alkoxy. (l-4C)alkoxy-{2-4C)alkoxy, amino-(2-4C)alkoxy, 
( 1 -4C)alkylamino-(2-4C)alkoxy, di-[(l -4C)alkyIlamino-(2-4C)alkoxy, 
pyrrolidin- 1 -yH2-4C)alkoxy, piperidino-(2-4C)alkoxy, morpholino-{2-4C)alkoxy , 
25 piperazin-l.yl-(2-4C)alkoxy, 4-(l-4C)alkylpipera2in-l-yl-(2-4C)aikoxy, 
(l-4C)alkylthio-(2-4C)alkoxy,(l-4C)alkylsulphinyI-(2-4C)alkoxy, 

( 1 -4C)alky lsulphonyl-(2-4C)aikoxy, halogeno-(2-4C)aIky lamino, hydroxy-(2-4C)aIkylamino, 
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(1 -4C)alkoxy-(2-4C)alkylamino, amino-(2-4C)alkylamino, 
(I -4C)allcylainino.(2-4C)alkylaixiino. di-[(l -4C)alkyl]ainin(K2-4C)aIkylainino, 
pyrrolidin- 1 -yI-(2-4C)alkylamino, piperidino-(2-4C)alkylaniino, 
morpholino-(2-4C)alkylamino, piperazin- 1 -y I-(2-4C)alkylaimno, 
5 4-(l-4C)aIkylpipcrazin-l-yl.(2^C)alkylainino, N-(l-4C)alkyl-halogeno.(2-4C)alkylamino, 
N"<l-4C)alkyl.hydroxyK2-4C)alkyIamino,NKl-4C)dkyl-(l^ 
halogeno-(2-4C)alkaiioylamino, hydroxy-(2-4C)alkanoylainino, 
(MC)alkoxy-(2-4C)aIkanoylamino, (3-4C)alkenoylamino, (3-4C)alkynoyIainino, 
amino-(2-4C)aIkanoylainino, (1 -4C)aIkylamino-(2-4C)alkanoylamino, 

10 di-[(l-4C)alkyl]amino-(2-4C)alkanoylamino, pynolidin-l-yH2-4C)alkanoylainino, 
piperidino-(2-4C)alkanoyIaiiiino,morpholino-(2-4C)alkanoylamino, 
piperazin- 1 -yl-(2-4C)alkanoylamino and 4-( 1 -4C)alky Ipiperazin- 1 -y l-(2-4C)alkanoylamino, 
and wherein any of the above-mentioned substituents comprising a CH2 (methylene) group 
which is not attached to a halogeno» SO or SO2 group or to a N, O or S atom optionally bears 

15 on said CHj group a substituent selected from hydroxy, amino, (l-4C)alkoxy, 
(l-4C)alkylamino and di-[(l-4C)alkyl]amino; 

wherein m is I or 2 and each is independently hydrogen^ halogeno, trifluoromethyl, 
hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (MC)alkoxycarbamoyl. (l-4C)alkyl, 
(MC)alkoxy, (l-4C)alkylamino, di-[(MC)alkyl]amino, (2-4C)alkanoylamino, 

20 U'i 1 -4C)alkylcarbamoyl or N>N-di.[(l .4C)alkyl]carbamoyl; 

and wherein is phenyl or a 9- or lO-membered bicyclic heterocyclic moiety containing 1 or 
2 nitrogen heteroatoms and optionally containing a further heteroatom selected from oxygen, 
nitrogen and sulphur, and optionally bears up to 3 substituents selected from halogeno, 
trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 

25 (l-4C)alkyl, (MQalkoxy, (l-4C)alkylamino, di-[(MC)alkyl]amino, (2-4C)aIkanoylamino, 
Il-(l-4C)aIkylcarbamoyl and NJNl-di-(MC)alkylcarbamoyl, 
or is a group of the formula II 



wherein is a group of the formula CO, C{R\ CH(OR^), C(R^)2-C(R^)2, C(R^)=C(R^), 




X2-Q3 



II 



wo 97/30034 PCT/GB97/00344 

-64- 

CsC, CH(CN), O, S, SO, SO2, N(R\ C0N(R'). S02N(R\ N(R')C0, N(R^)S02, 0C{R\ 

SC(R\ C(R\o or C{R\S wherein each R' is independently hydrogen or (MC)alkyl, 
is phenyl or naphthyl or a 5- or 6-membered heteroaryl moiety containing up to 3 

heteroatoms selected from oxygen, nitrogen and sulphur, which heteroaryl moiety is a single 
5 ring or is fused to a benzo ring, and wherein said phenyl or naphthyl group or heteroaryl 

moiety optionally bears up to 3 substituents selected from halogeno, trifluoromethyi, cyano, 

hydroxy, amino, nitro, carboxy, carbamoyl, (MC)alkoxycarbonyl, (l-4C)alkyl, 

(MC)alkoxy, (l-4C)alkylamino, di-[(l-4C)alkyl]amino, (2-4C)alkanoylamino, 

N-(l-4C)alkylcarbamoyl and Nj!l-di-[(l-4C)alkyl]carbamoyl, 
10 n is 1, 2 or 3 and each is independently hydrogen, halogeno, trifluoromethyi, cyano. 

hydroxy, amino, nitro, (l-4C)alkyl, (I-4C)alkoxy. (l-4C)alkylamino, di-[{MC)alkyl]amino 

or (2-4C)alkanoylamino; 

or a pharmaceutically-acceptabie salt thereof; 

provided that, when Q' is optionally-substituted phenyl, is not N(R^)CO, N(R^)S02, 
15 0C{R\, N(R')C(R')2, C(R^)2S or C(R')2N(R^); and when X* is a direct link, is not a 5- or 
9-membered nitrogen-linked heteroaryl moiety containing up to 3 niux)gen heteroatoms. 
2. A quinazoline derivative of the formula I as claimed in claim 1 
wherein X* is a direct link or a group of the fomiula CO, C(R^)2, CH(OR^), C(R^)2-C(R^)2, 
C(R^)=C(R'), C^C, CH(CN), O, S, so. SO^, N(R^), CON(R^), SO^NCR^), N(R^)C0, 
20 N(R^)S02, 0C(R^)2, SC(R^)2, N(R^)C(R')2, C(R\o, C(R\s or C(R')2N(R^), and each R^ is 
independently hydrogen or ( 1 -4C)alkyl; 

wherein Q* is a 5- or 6-membered heteroaryl moiety containing up to 3 heteroatoms selected 
from oxygen, nitrogen and sulphur, which heterocyclic moiety is a single ring or is fused to a 
benzo ring, and Q* optionally bears up to 3 substituents selected from 

25 halogeno. hydroxy, amino, trifluoromethoxy, trifluoromethyi, cyano, nitro, carboxy, 
carbamoyl, (l-4C)alkoxycarbonyl, (MC)alkyl, (l-4C)alkoxy, (2.4C)alkenyloxy, 
(2.4C)alkynyloxy, (l-3C)alkylenedioxy, (MQalkylamino, di-[(l-4C)alkyl]amino, 
pyrrolidin-l-yl, piperidino, morpholino, piperazin-l-yl, 4-(l-4C)alkylpipera2in-l-yl, 
(2-4C)alkanoylamino, N-(l-4C)alkylcarbamoyK NJ^-di-[(l-4C)alkyl]carbamoyl, 

30 amino-(l-4C)alkyl, (l-4C)alkylamino-(MC)alkyl, di-[(MC)alkyl]amino-{MC)alkyl, 
pyrrolidin-l.yl-(l-4C)alkyl, piperidino-(l-4C)alkyl, morpholino-( l-4C)alkyl, 
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piperazin- 1 -yl-( 1 -4C)aIkyl, 4-( 1 -4C)alkylpiperazin-l -yl-( 1 ^C)alkyl, halogeno-(2-4C)alkoxy, 
hydroxy .(2-4C)alkoxy, (l-4C)alkoxy-(2-4C)alkoxy, amino-(2-4C)alkoxy. 
(l-4C)alkylainino-(2-4C)alkoxy, di.[(l-4C)alkyllammoK2-4C)alkoxy, 
pyrrolidin-l-yl-(2-4C)alkoxy, piperidino-(2-4C)alkoxy, morpholino-(2-4C)alkoxy, 
5 piperazin- l-yK2-4C)aIkoxy, 4-(l-4C)alkylpiperazin-l-yl-(2-4C)alkoxy, 
( 1 -4C)alky lthio-(2-4C)alkoxy , ( 1 -4C)alky isulphiny K2-4C)alkoxy , 

(l-4C)alkylsulphonyl-(2-4C)alkoxy, halogeno-(2-4C)alkylamino, hydroxy-(2-4C)alkylamino, 

( 1 -4C)alkoxy-(2-4C)alky lamino, ainino-(2-4C)alkylamino, 

( I -4C)alkylamino-(2-4C)alkylamino, di-[(l -4C)alkyI]ainino-(2-4C)alkylamino, 

10 pyrrolidin-l-yl-(2-4C)alkylamino, piperidino-(2-4C)alkyIainino, 
morpholino-(2-4C)alkylamino, piperazin- 1 -yl-(2-4C)alkylamino» 
4-( 1 -4C)alky Ipiperazin- 1 -y I-(2-4C)alky lamino, Uri 1 -4C)alkyl-halogeno- 
(2-4C)alkylaniino, N-{ 1 -4C)alky l-hydroxy.(2-4C)alkylamino, 
N-(l-4C)alkyl-(MC)alkoxy-(2-4C)alkylamino, halogeno-(2-4C)alkanoylamino, 

15 hydroxy-(2-4C)alkanoylamino, (l-4C)alkoxy-(2-4C)alkanoylamino, (3-4C)alkenoylamino, 
(3-4C)alkynoylamino, amino-(2-4C)alkanoylamino, ( 1 -4C)alkylainino-(2-4C)alkanoylamino, 
di-[(l-4C)alkyl]amino-(2-4C)aIkanoylamino, pyrroIidin-l-yI-(2-4C)alkanoylamino, 
piperidino-(2-4C)alkanoylamino, morpholino-(2-4C)alkanoylamino, 
piperazin- 1 -yl-(2-4C)alkanoylamino and 4-(MC)alkylpiperazin-l-yl-(2-4C)alkanoylamino, 

20 and wherein any of the above-mentioned substituents comprising a CH2 (methylene) group 
which is not attached to a halogeno, SO or SOj group or to a N, O or S atom optionally bears 
on said CH2 group a substituent selected from hydroxy, amino, (l-4C)alkoxy, 
{l-4C)alkylamino and di-[(l-4C)alkyl]amino; 

wherein m is 1 or 2 and each is independently hydrogen, halogeno, trifluoromethyl, 
25 hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-4C)alkoxycarbamoyl, (l-4C)aIkyl, 
(l-4C)alkoxy, (l-4C)alkyIamino, di-[(l-4C)aIkyl)amino, (2-4C)alkanoylamino, 
li-(l-4C)alkylcarbamoyl or Nii-di.[(1.4C)alkyllcarbamoyl; 

and wherein is phenyl which optionally bears up to 3 substituents selected from halogeno, 
trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 
30 (l-4C)alkyl, (MC)alkoxy, (MC)alkylamino, di-[(l-4C)alkyl]amino, (2.4C)alkanoylamino, 
N-(l-4C)aIkylcarbamoyl and Il.N-di-(l-4C)alkylcarbamoyl; 
or a pharmaceuiically-acceptable salt thereof; 
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provided that, when X* is a direct link, Q' is not a 5- or 9-nnembered nitrogen-linked 
heteroaryl moiety containing up to 3 nitrogen heteroatoms. 
3. A quinazoline derivative of the fonnula 1 as claimed in claim 1 
wherein X* is a direct link or a group of die formula CH2, CH2CH2, NH, NHCO, NHSOj, 
5 OCH2,SCH2,NHCH2,CH20orCH2S; 
Q'is 2.fiiryl, 3.ftiryl, 2-thienyl, S-thienyl, 2-pyridyl, 3-pyridyl, 4.pyridyl, 2-oxa2olyl, 

4- oxa2olyl, 5-isoxazolyl, 3-pyrazolyl, 2-imidazolyl, 4-imida2olyl, 2.thiazolyl, 4.thiazolyl, 

5- isothiazolyl or 1,2,3-triazoM-yl which optionally bears a substituent selected from methyl, 
aminomethyl, 2-anunoethyl, methylaminomethyl, 2-methylaminoethyl, 

10 dimethylaminomethyl, 2-dimethylaminoethyl,pyrrolidin-l-ylmethyl, 2-pyrrolidin-l-ylelhyl, 
piperidinomethyl, 2-piperidinoethyl, morpholinomethyi, 2-morpholinoethy!, 
piperazin-l-ylmethyl, 2-piperazin-l-ylethyl, 4-methylpiperazin-l-ylmethyl and 
2-(4-methylpiperazin- 1 -y I)ethyl; 
m is 1 and is hydrogen or methoxy; 

15 and is phenyl which optionally bears 1, 2 or 3 substituents selected from fluoro, chloro, 
bromo, trifluoromethyl, cyano, methyl and methoxy, 
or is a group of the formula II 




II 

wherein X^ is a group of the formula CO or OCHj, is phenyl or 2.pyridyl which optionally 
20 bears 1 or 2 substituents selected from fluoro, chloro, bromo, methyl and methoxy, n is 1 and 
is hydrogen, fluoro, chloro, bromo or methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof 

4. A quinazoline derivative of the formula 1 as claimed in claim 1 

wherein X* is a direct link or a group of the fomiula NHCO, OCH2 or NHCH2; 
25 Q' is 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-oxa2olyl, 5-isoxa2olyl or 

4-imidazoiyl which optionally bears a substituent selected from aminomethyl, 

morpholinomethyi and 2-morpholinoethyl; 

m is 1 and R* is hydrogen or methoxy; 
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and is phenyl which optionally bears 1 or 2 substitucnts selected from fluoro, chioro, 
bromo and methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

5. The quinazoline derivative of the formula I as claimed in claim 1 selected from:- 
5 4-(3-chloro-4-fluoroamlino)-6-(3-friryl)quinazoline, 

4-(3-chloro-4-fluoroanilino)-6-(2-thienyl)quinazoline, 
4-(3-chloro^fIuoroanilino)-6-[S-(2-morphoIinoethyl)thien-2-yl]quinazoline, 
4-{3-chioro-4-fluoroanilino)-6-(5-morpholinomethyithien-3-yl)quina2olineand 
4-(3-chloro-4-fluoroanilino)-7-methoxy-6-(3-pyridyImethoxy)quinazoline; 
10 or a pharmaceutically-acceptable acid-addition salt thereof 

6. A quinazoline derivative of the formula I as claimed in claim 1 r 
wherein is a direct link; 

is thienyl which bears a substituent selected from amino-(MC)alkyL (MC)alkylamino- 
{ 1 -4C)alky 1, di-[( I -4C)alkyl]amino-( 1 -4C)alky 1, pyrrolidin- 1 -y !-( 1 -4C)alky 1 , 
15 piperidino-(MC)alkyl, morpholino-(l-4C)alkyl, piperazin-l-yKMQalkyl and 
H 1 -4C)alkylpiperazin-l -yKl -4C)alkyl; 
m is 1 and is hydrogen; 

and is phenyl which optionally bears up to 3 substitucnts selected from halogeno, 
trifluoromethyl, cyano, hydroxy, amino, nitro, carboxy, carbamoyl, (l-4C)alkoxycarbonyl, 
20 (N4C)alkyl, (l-4C)alkoxy, (l-4C)alkylamino, di.((l-4C)alkyl]amino, (2.4C)alkanoylamino, 
H-( 1 -4C)alkylcarbamoyl and NJ:i-di-<l -4C)alkylcarbamoyl; 
or a pharmaceutically-acceptable salt thereof 

7. A quinazoline derivative of the formula I as claimed in claim 1 
wherein X' is a direct link; 

25 Q' is 2-thienyl which optionally bears a substituent selected from methyl, aminomethyl, 
2-aminoethyl, methylaminomethyl, 2-methylaminoethyl, dinwthylaminomcthyl, 
2-dimethylaminocthyI, pyrrolidin-l-ylmethyl, 2.pynrolidin-l-ylethyl, piperidinomethyl, 
2-piperidinoethyl, morpholinomethyU 2-morpholinoethyl, piperazin-l-ylmeihyl, 
2-pipcrazin-l-yIethyl, 4-methylpipera2in-l-ylmethyl and 2-(4-methylpipera2in-l-yl)ethyl; 

30 m is 1 and is hydrogen or methoxy; 

and 0^ is phenyl which optionally bears 1, 2 or 3 substitucnts selected from fluoro, chioro, 
bromo, trifluoromethyl, cyano, methyl and methoxy; 
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or a phannaceutically-acceptable acid-addition salt thereof. 

8. A quinazoline derivative of the formula I as claimed in claim 1 

wherein X* is a direct link; 

Q' is 2-thienyl which optionally bears a substituent selected from aminomethyl, 
5 morpholinomethyl and 2-morphoimoethyI; 
m is 1 and R* is hydrogen or methoxy; 

and is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro, 
bromo and methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof 
1 0 9. The quinazoline derivative of the fonnula I as claimed in claim 1 > 

4-(3-chloro-4-fluoroanilino)-6-[5-(2-morpholinoethyl)thien-2-yI]quinazoline; 
or a pharmaceutically-acceptable acid-addition salt thereof 

10. A quinazoline derivative of the fonnula I as claimed in claim 1 wherein X* is a direct 

link or a group of the formula O; 
15 is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro, bromo, 

amino, cyano, nitro, aminomethyl, methylaminomethyl, dimethylaminomethyl, 

diethylaminomethyl, pyrrolidin-l-ylmethyl, piperidinomethyl, morpholinomethyl, 

piperazin-l-ylmethyl and 4.methylpiperazin-l-ylmethyl; 

m is I and is hydrogen or methoxy; and 
20 is phenyl which optionally bears 1 , 2 or 3 substituents selected from fluoro, chloro, bromo, 

trifluoromethyl, cyano, methyl and methoxy, 

or is a group of the formula II 

X2-Q3 




II 

wherein X^ is a group of the formula OCHj, is 2-pyridyl, n is 1 and R* is hydrogen, fluoro, 
25 chloro or methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof 

11. A quinazoline derivative of the fonnula I as claimed in claim 1 wherein X* is a direct 
link or a group of the fonnula O; 
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Q* is phenyl which optionally bears 1 or 2 substituents selected from amino, aminomethyl, 
diethylaminomethyl, pyrrolidin-l-ylmethyU piperidinomethyl and morpholinomethyl; 
m is 1 and is hydrogen; and 

is phenyl which optionally bears 1 or 2 substituents selected from fluoro, chloro and 
5 methyl; 

or a pharmaceutically-acceptable acid-addition salt thereof. 

12. The quinazoline derivative of the formula I as claimed in claim I selected from:- 
4-(3-methylanilino>6-phcnylquinazoIine, 

6-(4-aminomethylphenyl>4-(3-chloro-4-fluoroaniHno)quinazoline, 
1 0 6-(4-aminophenoxy)-4-(3-ch]oro-4-fluoroanilino)quinazoline, 

6-(4-aminomethylphenoxy)-4-{3-chloro-4-fluoroanilino)quina2olineor 
4-(3-chloro-4>fIuoroanilino)-6-(4-morpholinomethylphenoxy)quinazoline; 
or a pharmaceutically-acceptable acid-addition salt thereof. 

13. A process for the preparation of a quinazoline derivative of the formula I, or a 
15 pharmaceutically-acceptable salt thereof, as claimed in any one of claims 1 to 12 which 

comprises:- 

(a) the reaction of a quinazoline of the formula III 

Z 




III 

wherein Z is a displaceable group, with an aniline of the formula Q^-NHj; 
20 (b) for the preparation of those compounds of the formula I wherein X* is a direct link, 
the reaction of a quinazoline of the formula IV 
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wherein Z is a displaceable group, with an organoboron reagent of the foimula Q'-B(L')(L^) 
wherein each L' and L^ which may be the same or different, is a suitable ligand; 
(c) for the preparation of those compounds of the fonnula I wherein X' is a direct link, 
5 the reaction of a quinazoline of the formula V 

Q2 



B(Ll)(L2) 



wherein each of L' and L^ which may be the same or diffeient, is a suitable Ugand, with a 
compound of the fonnula Q'-Z wherein Z is a displaceable grotqj; 

(d) for the production of those compounds of the formula I wherein X' is a group of the 
10 formula NCR^X^O or N(R^)SOj. the acylation of an amine of the formula VI 

Q2 





NHR2 



/m VI 

with a carboxylic acid of the formula Q'-CO^H, or a reactive derivative thereof, or a sulphonic 
acid of the formuh Q'-SOaOH, or a reactive derivative thereof, as appropriate; 
(e) for the production of those compounds of the formula I wherein X ' is a group of the 
15 formula 0C(R\ SC(R\ or N(R^)C(R^)2, the alkylation of an appropriate phenol, thiophenol 
or aniline with an alkylating agent of the formula Z-C(R^)2-Q' wherein Z is a displaceable 
group; 
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(f) for the production of those compound of the formula I wherein X' is a group of the 
formula C(R\o, C(R\s or C(R^)2N(R^), the alkylation of the appropriate phenol of the 
formula HO-Q', thiophenol of the formula HS-Q' or aniline of the fonnula R^NH-Q', with an 
alkylating agent of the formula VII 



C(R2)2-Z 




5 <«'>m VII 

wherein Z is a displaceable group; 

(g) for die production of those compounds of the formula I which possess an 
aminomethyl substitiient or wherein X' is a group of the formula N(R^)CH2 or CHjNCR^), the 
reduction of a compound of the formula 1 which possesses a cyano substituent or wherein X' 

10 is a group of the formula N(R^)CO or CON(R^) as appropriate; 

(h) for the production of those compounds of the formula I which possess an 
amino substituent, the reduction of a compound of the formula I which possesses a nitro 
substituent; 

(i) for the production of those compounds of the formula I wherein X ' is a group of the 
15 formula NHCH(R^), the reductive amination of a keto compound of the formula 

R^-CO-Q' with an amine of the formula VIII 

y 

NH 



VIII 

or 0) for the production of those compounds of the formula I wherein X ' is a group of 
the formula O, S or N(R^), the coupling of an appropriate phenoL thiophenol or aniline with 
20 a compound of the formula Z-Q' wherein Z is a displaceable group; 
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and when a phannaceutically-acceptable salt of a quinazoline derivative of the 
formxila I is required it may be obtained by reaction of said compound using a conventional 
procedure. 

1 4. A pharmaceutical composition which comprises a quinazoline derivative of the 

5 fonnula I, or a phannaceutically-acceptable salt thereof, as claimed in any one of claims 1 to 
12 in association with a phannaceutically-acceptable diluent or carrier. 

1 5. The use of a quinazoline derivative of the fonnula I, or a pharmaceutically-acceptable 
salt thereof, as claimed in any one of claims 1 to 12 inlhe manufacture of a medicament for 
use in the production of an anti-proliferative effect in a warm-blooded animal such as man. 
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